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The work  d e s c r i b e d  had t h e  main p u r p o s e  o f  g a i n i n g  a 
b e t t e r  u n d e r s t a n d i n g  o f  t h e  mechanism b y  w h ich  d y e s  a r e  s o rb e d  
b y  v a r i o u s  s u b s t r a t e s - .  A s u b s i d i a r y  a im  was t h e  d e v e lo p m e n t  
o f  new a n a l y t i c a l  p r o c e d u r e s  t o  s i m p l i f y  t h e  d e t e r m i n a t i o n  o f  
p u r i t y  o f  t h e  d y e s  used  and f o r  t h e  d e t e c t i o n  o f  h y d ro g e n  b o n d i n g .  
B r o a d l y ,  t h e  work  i s  c l a s s i f i e d  i n t o  t h r e e  main s e c t i o n s ,  d e a l i n g  
r e s p e c t i v e l y  w i t h  a n a l y s i s  o f  d y e s ,  methods  o f  d e t e c t i n g  h y d ro g en  
b o n d s ,  and  t h e  s t u d y  o f  t h e  s o r p t i o n  o f  c e r t a i n  n a t u r a l  c o l o u r i n g  
m a t t e r s  b y  v a r i o u s  f i b r e s  and o f  s y n t h e t i c  d y es  by  a lu m in a  ( i n  
t h e  fo rm  o f  a n o d i s e d  a lu m in iu m )  and c e l l u l o s e .
An o x i d a t i v e  method f o r  t h e  a n a l y s i s  o f  a z o  d y es  and 
some dyes  o f  o t h e r  c l a s s e s  i s  d e s c r i b e d .  The r e s u l t s  f o r  t h e  
m a j o r i t y  o f  d y e s  e x a m in e d ,  a g r e e  c l o s e l y  w i t h  t h o s e  o b t a i n e d  by  
t i t a n o u s  c h l o r i d e  a n a l y s i s ,  and t h e  new method has  t h e  a d v a n ta g e  
o f  b e i n g  s i m p l e ,  r a p i d  and  c l e a n  i n  u s e .  The p r o c e d u r e  i n v o l v e s  
m easu rem en t  o f  t h e  volume o f  n i t r o g e n  p ro d u c e d  on b o i l i n g  t h e  
dye  w i t h  a  d i l u t e  s o l u t i o n  o f  p o t a s s i u m  d i c h r o m a t e  and s u l p h u r i c  
a c i d .  A s t i l l  s i m p l e r ,  c o l o r i m e t r i c  method o f  d e t e r m i n i n g  w a t e r -  
s o l u b l e  a z o  d y e s  u s e s  e e r i e  s u l p h a t e  o x i d a t i o n .  I t  i s  u s e f u l  
f o r  some d y e s ,  b u t  many do n o t  r e a c t  i n  s im p l e  p r o p o r t i o n  w i t h  
t h e  o x i d a n t .
The u s e  o f  t h e  r e f r a c t o m e t e r  f o r  d e t e c t i n g  t h e  complex  
r a t i o s  o f  h y d ro g e n  bond i n t e r a c t i o n  i n  b i n a r y  s o l u t i o n s  o f  o r g a n i c  
compounds i s  a l s o  d e s c r i b e d .  T h i s  method a p p e a r s  e o u a l l y  u s e f u l
-  b -
for* d e t e c t i n g  s t r o n g l y  o r  w e a k ly - b o n d e d  c o m p le x e s .  The 
r e a l i t y  o f  t h e  e x i s t e n c e  o f  many compounds so  d e t e c t e d  has  b e e n  
d e m o n s t r a t e d  b y  a v a r i e t y  o f  p r o c e d u r e s ,  i n c l u d i n g  m o l e c u l a r  
w e i g h t  d e t e r m i n a t i o n ,  p r e p a r a t i o n  o f  s o l i d  c o m p l e x e s ,  and 
c o m p a r i s o n  w i t h  com p lex es  p r e v i o u s l y  r e p o r t e d ,  e i t h e r  b y  p r e p ­
a r a t i o n  i n  s u b s t a n c e  o r  d e t e c t i o n  b y  i n f r a - r e d  s p e c t r o p h o t o m e t r y .
The d i e l e c t r i c  c o n s t a n t  and r e f r a c t i v e  i n d e x  methods 
o f  d e t e c t i n g  c o r a p l e x - r a t i o s  i n  h y d r o g e n -b o n d  i n t e r c a c t i o n s  have 
b e e n  a p p l i e d  t o  n e a r l y  two h u n d red  and s e v e n t y  p a i r s  o f  
compounds i n  a v a r i e t y  o f  s o l v e n t s .
I n t r a -  a s  w e l l  a s  i n t e r - m o l e c u l a r  b o n d s  can  b e  
d e t e c t e d ,  and a q u a l i t a t i v e  e s t i m a t e  o f  t h e i r  r e l a t i v e  s t a b i l i t y  
may b e  made. A l c o h o l i c  and p h e n o l i c  h y d r o x y - ,  a l d e h y d e ,  
a m i d o - ,  a m i n o - ,  a z o - ,  c a r b o x y l i c  and s u l p h o n i c  a c i d ,  e s t e r ,  
k e t o - ,  n i t r o -  and q u in o n e  g r o u p s  a r e  am ongs t  t h o s e  ex am in ed .  
S e v e r a l  compounds have  b e e n  i n c l u d e d  t o  r e p r e s e n t  models  o f  
c e r t a i n  n a t u r a l  and  s y n t h e t i c  p o l y m e r s .
A number  o f  i n t e r -  and i n t r a - m o l e c u l a r  b o n d s  have b e e n  
d e t e c t e d  i n v o l v i n g  a h y d r o g e n  a tom  a t t a c h e d  t o  c a r b o n  and 
a c t i v a t e d  by  a n e i g h b o u r i n g  c a r b o n y l  oxygen  a tom.  These  
i n c l u d e  i n t e r m o l e c u l a r  bon d s  b e tw e e n  c e r t a i n  e s t e r s ,  e . g . ,  
a c e t a t e s ,  and  a z o b e n z e n e  and  q u i n o n e .  S u p p o r t i n g  e v i d e n c e  i s  
q u o te d  showing  t h a t  t h i s  t y p e  o f  bond may be  r e s p o n s i b l e  f o r  
t h e  s o r p t i o n  o f  d y e s  b y  c e l l u l o s e  a c e t a t e .
Numerous exam ples  o f  s h i e l d i n g  o f  g r o u p s  by t h e  
s o l v e n t  have  b e e n  n o t e d ,  e . g . ,  w a t e r  p r o t e c t s  a l c o h o l i c  g ro u p s  
a g a i n s t  c o m b i n a t i o n  w i t h  a number o f  o t h e r  s o l u t e s  o f  low 
a f f i n i t y ,  b u t  n o t  a g a i n s t  p h e n o l .  The c a r b o n y l  oxygen  atom
-  c -
i n  k e t o n e s ,  a m i d e s ,  o r  a l d e h y d e s  i s  f o r  t h e  same r e a s o n  u n a b l e  
t o  fo rm  i n t e r m o l e c u l a r  c o m p lex es  i n  b e n z e n e ,  e t h e r  o r  w a t e r ,  
b u t  i t  i s  r e a c t i v e  i n  c a r b o n  t e t r a c h l o r i d e  o r  d i o x a n .  T h i s  
was c h e c k e d  b y  e x a m in in g  t h e  s o r p t i o n  o f  b e n z e n e -az o -o £ -  
n a p h t h y l a m i n e  and  b e n z e n e - a z o - 0 - n a p h t h y l a m i n e  on a n o d i s e d  
a lu m in iu m .  These  compounds show l i t t l e  a f f i n i t y  f o r  a n o d i s e d  
a l u m i n i u m ,  u s i n g  b e n z e n e  a s  a s o l v e n t ,  b u t  on em p lo y in g  c a r b o n  
t e t r a c h l o r i d e  o r  d i o x a n ,  s o r p t i o n  p r o c e e d s  r e a d i l y *
B o n d in g  b e tw e e n  w a t e r ,  u s e d  a s  a s o l u t e  i n  a n h y d r o u s  
s o l v e n t s ,  and s e v e r a l  o t h e r  compounds h a s  b e e n  o b s e r v e d .  With  
t h e  am ide  o r  a zo  g r o u p s  w a t e r  a c t s  a s  a c r o s s - l i n k i n g  a g e n t ,  
e a c h  o f  i t s  h y d r o g e n  a tom s  b e i n g  a t t a c h e d  t o  a s e p a r a t e  m o le c u le  
o f  t h e  o t h e r  s o l u t e .
The r e a c t i o n s  o f  t h e  a l k y l a m i d e  g r o u p  have b e e n  s t u d i e d
i n  v i e w  o f  t h e i r  i m p o r t a n c e  i n  t h e  i n t e r p r e t a t i o n  o f  t h e
b e h a v i o u r  o f  p r o t e i n s  and n y l o n .  T h i s  g r o u p  a p p e a r s  t o  r e a c t ,  
b i f u n c t i o n a l l y , i n  t h e  e n o l  fo rm  i n  o r g a n i c  s o l v e n t s ,  b u t  w a t e r  
s t a b i l i s e s  t h e  k e t o - f o r m  and i t  i s  t h e n  u s u a l l y  m o n o f u n c t i o n a l ,  
t h e  c a r b o n y l  oxygen b e i n g  p r o t e c t e d  by  t h e  s o l v e n t .  A h y d ro g e n  
a to m  on t h e  c a r b o n  a d j a c e n t  t o  t h e  c a r b o n y l  g r o u p  i n  t h e  k e t o -
f o rm  i s  shown a l s o  t o  be  r e a c t i v e  and t h e  b e a r i n g  o f  t h i s  f a c t
on t h e  i n t e r p r e t a t i o n  o f  t h e  a c t i o n  o f  q u in o n e s  i n  t a n n i n g  
p r o t e i n s  i s  d i s c u s s e d .  The b o n d in g  p r o p e r t i e s  o f  c a r b o h y d r a t e s  
and t h e i r  r e l a t i o n  t o  s o r p t i o n  b y  c e l l u l o s e ,  a r e  a l s o  c o n s i d e r e d .  
The i n d i v i d u a l  h y d r o x y -  o r  e t h e r  g r o u p s  i n  mono- and  d i s a c c h a r i d e s  
i n  t h e i r  n o rm a l  r i n g  s t r u c t u r e s ,  c a n  fo rm  i n t e r m o l e c u l a r  bonds  
w i t h  o t h e r  s o l u t e s  i n  a n  a n h y d r o u s  s o l v e n t  ( e t h y l e n e  g l y c o l ) ,  
b u t  n o t  i n  w a t e r ,  ev e n  w i t h  p h e n o l ,  on a c c o u n t  o f  s h i e l d i n g  by
-  a  -
t h e  s o l v e n t .  The n i t r o g e n  a to m  i n  some s o l u t e s  c a n  c o m b in e ,  
i n  w a t e r ,  w i t h  t h e  f r e e  a l d e h y d e  g r o u p  i n  t h e  o p e n - c h a i n  fo rm  
o f  g l u c o s e  o r  c e l l o b i o s e .  I t  i s  shown t h a t  t h e s e  f a c t s  a r e  
c o n s i s t e n t  w i t h  t h e  s o r p t i o n  o f  d y e s  b y  c e l l u l o s e  f ro m  w a t e r  
b e i n g  due  t o  v a n  d e r  Wa'dls a t t r a c t i o n  r a t h e r  t h a n  b y  h y d ro g en  
b o n d s ,  a s  f o r m e r l y  s u p p o s e d .
The s o r p t i o n  p r o p e r t i e s  o f  h a e m a t e i n  and i t s  l e u c o  
compound,  h a e m a t o x y l i n ,  t h e  c o l o u r i n g  p r i n c i p l e s  o f  logwood 
hav e  b e e n  e x am in ed .  H a e m a t o x y l i n  i s  r e a d i l y  a b s o r b e d  b y  a c e t a t e  
r a y o n ,  n y l o n ,  o r  w o o l ,  and c o m p a r i s o n  o f  t h e  r e s u l t s  w i t h  t h o s e  
o f  t h e  h y d ro g e n -b o n d  d e t e c t i o n  p r o c e d u r e  i n d i c a t e  t h a t  t h e  
s o r p t i o n  i s  due t o  such  b o n d s .  I t  i s  s o r b e d  t o  o n l y  a 
n e g l i g i b l e  e x t e n t  by  v i s c o s e  r a y o n ,  a p p a r e n t l y  b e c a u s e  i t s  
m o le c u le  h as  i n s u f f i c i e n t  p h y s i c a l  a t t r a c t i v e  f o r c e  t o  h o ld  i t  
t o  c e l l u l o s e .  Hydrogen b o n d i n g  i s  a l s o  i n d i c a t e d  a s  t h e  
mechanism o f  s o r p t i o n  o f  p h e n o l s  and am in es  b y  t h e  a n o d i c  f i l m  
( a l u m i n a )  on a lu m in iu m .
The l a k e - f o r m i n g  r e a c t i o n s  o f  t h e  Logwood and 
B r a z i lw o o d  c o l o u r i n g  m a t t e r s  w i t h  t h e  more i m p o r t a n t  m o rd a n t in g  
m ethods  h av e  b e e n  i n v e s t i g a t e d .  The o x i d i s e d  fo rm s  a p p e a r  t o  
b e  t h e  l a k e - f o r m i n g  s p e c i e s ;  t h e  l e u c o  fo rm s  must  f i r s t  b e  
o x i d i s e d  b y  a i r  oh t h e  m o r d a n t i n g  s a l t  b e f o r e  r e a c t i o n  can  
commence. Chromium and a lu m in iu m  s a l t s  fo rm  w a t e r - s o l u b l e  
l a k e s  when weak s o l u t i o n s  o f  t h e  c o l o u r i n g  m a t t e r s  a r e  b o i l e d  
w i t h  e h r o m a t e s  o r  d i c h r o m a t e s ,  o r  a lu m in iu m  c h l o r i d e ,  r e s p e c t ­
i v e l y ;  t h e s e  a r e  r e s p e c t i v e l y  a n i o n i c  and c a t i o n i c  and  by  a 
method o f  c o l o r i m e t r i c  t i t r a t i o n  t h e i r  d y e : m e t a l  r a t i o s  a r e  shown
e -
to  “be 2 : 1  i n  e a c h  case*  Logwood w i t h  o t h e r  m e t a l s ,  and  
h r a z i l e i n  w i t h  a l l  t h e  m e t a l s  u s e d ,  g i v e  i n s o l u b l e  lak e s*  By- 
u s i n g  c h ro m ic  s a l t s  i n  a l c o h o l s ,  1 : 1 - c o m p le x e s  a r e  formed*
When d r i e d  down a l l  t h e  l a k e s  a r e  com plex  i n  s t r u c t u r e ,  an d  even  
t h e  p r e v i o u s l y  w a t e r - s o l u b l e  o n es  become i r r e v e r s i b l y  w a t e r -  
i n s o l u b l e *  The p r o d u c t s  i n  most  c a s e s  a p p e a r  to  b e  m i x t u r e s  
o f  l a k e s  i n  v a r i o u s  s t a g e s  o f  t h e  r e a c t i o n  s e q u e n c e s ,  b u t  b y  a 
c o n s i d e r a t i o n  o f  th e  p r o b a b l e  c o u r s e  o f  t h e s e  s e q u e n c e s  an d  a 
s t u d y  o f  t h e  e l e m e n t a r y  a n a l y s e s ,  i t  h a s  b e e n  p o s s i b l e  to  a r r i v e  
a t  r e a s o n a b l e  e s t i m a t e s  o f  t h e i r  c o m p o s i t i o n .  The i n s o l u ­
b i l i s a t i o n  w h ic h  t a k e s  p l a c e  on  d r y i n g  down th e  l a k e s  i n  
s u b s t a n c e ,  and  w h ic h  i s  b e l i e v e d  to  t a k e  p l a c e  a l s o  on  th e  
f i b r e ,  i s  a t t r i b u t e d  to  c o n d e n s a t i o n  p o l y m e r i s a t i o n  o f  th e  
’o l a t i o n *  t y p e ,  a c c o m p a n ie d  b y  l o s s  o f  water*  W ith  th e  
e x c e p t i o n  o f  l a k e s  f ro m  c h ro m ic  s a l t s ,  w h ich  a r e  l a r g e l y  
1 : 1 - c o m p le x e s ,  a l l  t h e  l a k e s  have  th e  2 : 1 -co m p le x  f o r m a t i o n .
When h a e m a t e i n  i s  dyed  on c h r o m e -m o r d a n te d  wool i t  a t  f i r s t  
fo rm s  t h e  p u r p l e  1 :1  com plex ,  b u t  w i t h i n  5 min. ( a t  b . p . ) t h i s  
u n i t e s  w i t h  more h a e m a t e i n  a l r e a d y  on  t h e  f i b r e  an d  fo rm s  
2 : 1-complex* e v e n t u a l l y  a f t e r  th e  f u l l  d y e i n g  p r o c e s s ,  and  
d r y i n g ,  th e  deep  b l u e  o r  b l u e - b l a c k  i n s o l u b l e  p o l y m e r i c  l a k e  
i s  p r o d u c e d .  T h i s  a p p e a r s  to  c o n s i s t  l a r g e l y  o f  a m ixed  
com plex  o f  t h e  p r o b a b l e  s t r u c t u r e
(hn = th e  h a e m a t e i n  a n i o n )  w i t h  a c o n s i d e r a b l e  p r o p o r t i o n  o f  




to  e v e r y  f r e e  p h e n o l i c  g r o u p .  The ( f e r r i c )  i r o n  
c o m p le x  h a s  a s i m i l a r  s t r u c t u r e .  I t  i s  s u g g e s t e d  t h a t  th e  
f a s t n e s s  o f  t h e  dyed, and  m o rd a n te d  f i b r e s  to  wet  t r e a t m e n t s  
i s  a t t r i b u t a b l e  to  th e  i n s o l u b i l i t y  o f  t h e s e  p o l y m e r i c  l a k e s .
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The J o u r n a l  a b b r e v i a t i o n s  u s e d  i n  t h i s  
t h e s i s  a r e  t h o s e  c u r r e n t  i n  t h e  J o u r n a l  o f  t h e  
C h em ica l  S o c i e t y , w i t h  t h e  e x c e p t i o n  o f  t h a t  f o r  
t h e  J o u r n a l  o f  t h e  S o c i e t y  o f  D y e r s  and  C o l o u r i s t s
( J . S . D . C ) .
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INTRODUCTION
The g e n e r a l  a im  o f  t h e  work d e s c r i b e d  i n  t h i s  t h e s i s  was t o  
examine  v a r i o u s  c u r r e n t  t h e o r i e s  o f  t h e  mechanism o f  s o r p t i o n  i n  
d y e i n g  i n  much more d e t a i l  t h a n  had b e e n  done b e f o r e .  P r e v i o u s  
w o rk ,  a b l y  sum m ar ised  b y  V i c k e r s t a f f  QThe P h y s i c a l  C h e m is t ry  o f  
D y e in g 11 E d i n b u r g h ,  O l i v e r  and Boyd L t d . ,  (1 9 5 0 )  ) i n  h i s  monograph 
^ T h e -Phys-i-eadr-Ghem-is-tr-y-o-f-D-yeing11 h a s  i n c l u d e d  v e r y  t h o r o u g h  
i n v e s t i g a t i o n s  e . g .  o f  t h e  mechanism o f  e l e c t r o v a l e n t  a d s o r p t i o n  
o f  a n i o n s  b y  p r o t e i n s ,  and o f  t h e  i n f l u e n c e  o f  s a l t s  upon  t h e  
s o r p t i o n  o f  d y e s  b y  p r o t e i n  and c e l l u l o s e  f i b r e s .  I t  i s  b e l i e v e d ,  
h o w e v e r ,  t h a t  Van d e r  ^ a a l s  and  h y d ro g e n  bond  f o r c e s  p l a y  a 
c o n s i d e r a b l e  p a r t  i n  t h e  s o r p t i o n  o f  s o l u t e s  by  many f i b r o u s  and  
o t h e r  s o l i d  s u b s t r a t e s ,  b u t  t h e  d e t a i l e d  s t u d y  o f  t h e s e  p r o c e s s e s  
h a s  b e e n  somewhat n e g l e c t e d .  V ary  l i t t l e  i s  known a l s o  a b o u t  t h e  
s t a t e  o f  m e t a l l i c  l a k e s  i n  f i b r e s  dyed b y  t h e  m o r d a n t i n g  p r o c e s s e s ,  
and  i n d e e d  t h e  n a t u r e  o f  t h e s e  l a k e s  h a s  o n l y  b e e n  i n v e s t i g a t e d  i n  
d e t a i l  i n  t h e  c a s e  o f  c e r t a i n  t y p e s  o f  a zo d y e  and  n o t  w i t h  o t h e r  
v a r i e t i e s  o f  l a k e - f o r m i n g  s u b s t a n c e .
I t  was d e c i d e d  t h e r e f o r e  t o  open i n v e s t i g a t i o n s  a t  f i r s t  upon 
t h e  g e n e r a l  q u e s t i o n  o f  h y d ro g e n  b o n d i n g  i n  r e l a t i o n  t o  f i b r e s .  To 
do t h i s  t h e  new t e c h n i q u e  f o r  d e t e c t i n g  s u c h  b o n d i n g  b e tw e e n  p a i r s  
o f  s o l u t e s  i n  n o n - a q u e o u s  s o l u t i o n  b y  d i e l e c t r i c  c o n s t a n t  measurement  
d e s c r i b e d  b y  G i l e s ,  Rose and V a l l a n c e  ( J . C . S . , 1 9 5 2 ,  3799) was f i r s t  
ex am in ed .  I t  had b e e n  fo und  b y  M e lu re  ( B . S c . , T h e s i s , G la s g o w ,1952) 
t h a t  b y  u s i n g  t h e  m easu rem en t  o f  r e f r a c t i v e  i n d e x  i n  p l a c e  o f  t h e  
d i e l e c t r i c  c o n s t a n t  ( a  s u g g e s t i o n  p u t  f o r w a r d  b y  Rose a t  t h e  
c o n c l u s i o n  o f  h i s  work .  ( B . S c . , T h e s i s , G lasgow ,  1950) ) ,  t h e
-  2 -
method c o u l d  b e  e x t e n d e d  t o  a g u e o u s  s o l u t i o n s ,  w h ic h  c o u l d  n o t  h e  
examined hy  t h e  d i e l e c t r i c  c o n s t a n t  method .  T h i s  was c o n s i d e r e d  t o  
h e  a n  i m p o r t a n t  a d v a n c e ,  b e c a u s e  l i t t l e  was known a b o u t  t h e  i n f l u e n c e  
o f  w a t e r  on h y d ro g e n  b o n d i n g  o f  s o l u t e s ,  n e a r l y  i f  n o t  q u i t e  a l l  
p r e v i o u s  work on i n t e r m o l e c u l a r  b o n d i n g  h a v i n g  b e e n  done i n  a b s e n c e  
o f  w a t e r .  Yet  w a t e r  i s  th e  medium f o r  v i r t u a l l y  a l l  s o r p t i o n  
p r o c e s s e s  on f i b r e s .  T h i s  p r o c e d u r e  was t h e r e f o r e  t a k e n  up  and a 
s t u d y  o f  t h e  h y d r o g e n  b o n d i n g  p r o p e r t i e s  o f  model  compounds 
r e p r e s e n t i n g  t y p i c a l  d y es  and f i b r e s  b o t h  i n  n o n -a q u e o u s  and aqueous  
c o n d i t i o n s ,  was commenced. The r e s u l t s  p r o v ed  t o  b e  so  i n t e r e s t i n g  
and t o  r e v e a l  so  much t h a t  was h i t h e r t o  u n s u s p e c t e d ,  t h a t  i t  became 
a  m a jo r  p a r t  o f  t h e  p r e s e n t  r e s e a r c h .  Some o f  t h e  new c o n c l u s i o n s  
r e a c h e d  w ere  ch e c k e d  b y  s o r p t i o n  e x p e r i m e n t s  on f i b r e s ,  p a r t i c u l a r l y  
u s i n g  c e r t a i n  n a t u r a l  c o l o u r i n g  m a t t e r s  o f  t h e  logwood and b r a z i l w o o d  
c l a s s .  T h ese  were c h o s e n  f o r  two r e a s o n s :  ( a )  t h e y  c o n t a i n  a h i g h
p r o p o r t i o n  o f  i d e n t i f i a b l e  h y d r o g e n - b o n d i n g  g r o u p s  and ( b )  some 
e x p e r i e n c e  o f  t h e i r  u s e  i n  s o r p t i o n  e x p e r i m e n t s  had a l r e a d y  b e e n  
g a i n e d  b y  e a r l y  w o r k e r s  i n  t h i s  l a b o r a t o r y ,  b y  D e s a i  ( P h . D . ,  T h e s i s , 
1948;  G a l l a e h e r ,  B .S c .  T h e s i s , G lasgow ,  1948;  M acnea l  B . S c . , T h e s i s , 
G lasgow ,  1 9 4 9 . )  The f o r m a t i o n  and s t r u c t u r e  o f  m e t a l l i c  l a k e s  i n  
t h e  f i b r e  was a l s o  s t u d i e d  u s i n g  t h e s e  same c o l o u r i n g  m a t t e r s .
I t  was hoped t o  s t u d y  t h e  mechanism o f  s o r p t i o n  o f  a z o  dyes  by  
a  number o f  f i b r e s ,  i n  o r d e r  t o  c o n f i r m  t h e  u s e f u l n e s s  o f  t h e  
c o n c l u s i o n s  r e a c h e d  a s  a r e s u l t  o f  t h e  h y d r o g e n  b o n d i n g  w ork ,  b u t  
u n f o r t u n a t e l y  t h i s  s e c t i o n  o f  t h e  p r o j e c t  had t o  b e  c o n f i n e d  t o  a 
few e x p e r i m e n t s  on c e l l u l o s e ,  b e c a u s e  so  l i t t l e  t im e  was a v a i l a b l e .
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I n  a n t i c i p a t i o n ,  h o w e v e r ,  o f  t h i s  i n v e s t i g a t i o n  b e i n g  e x t e n d e d  t o  
c o v e r  a v a r i e t y  o f  a z o  dye s t r u c t u r e s ,  r e q u i r i n g  much p r e p a r a t i v e  
work  and a n a l y s i s  o f  p r o d u c t s  f o r  p u r i t y ,  a  p r e l i m i n a r y  r e s e a r c h  had 
b e e n  c o m p le t e d  b y  w h ich  a n  im proved  method o f  a n a l y s i s  o f  a z o  and 
o t h e r  d y es  was worked o u t .  I n  c o m p a r i s o n  w i t h  t h e  h i t h e r t o  u se d  
t i t a n o u s  s a l t  p r o c e d u r e ,  t h i s  method w h i l e  b e i n g  e q u a l l y  r e l i a b l e ,  
i s  much s i m p l e r  and more r a p i d ,  ^  A r s h i d  (A .R .T .C .  T h e s i s , 1 9 5 1 ) ;  
A r s h i d ,  D e s a i ,  G i l e s ,  and M cL in to ek  ( J . S . D . O . , 1 9 5 3 ,  6 9 ,  1 1 ) .
-  4 -
THEORETICAL DISCUSSION
T h e o r i e s  o f  d y e i n g  t e x t i l e  f i b r e s  A v e r y  l a r g e  amount o f  work
h a s  b e e n  r e p o r t e d  i n  i n v e s t i g a t i o n s  t o  d e t e r m i n e  t h e  mechanism o f  
d y e i n g  n a t u r a l  and  s y n t h e t i c  f i b r e s  and many t h e o r i e s  have  "been p u t  
f o r w a r d  t o  e x p l a i n  t h e  o b s e rv e d  f a c t s *  I t  i s  t h e r e f o r e  t h o u g h t  
d e s i r a b l e  t o  r e v i e w  b r i e f l y  work  on t h e  d y e i n g  mechanism o f  f i b r e s  
i n  t h i s  s e c t i o n .
G e l l u l o s i c  F i b r e s
By t h e  i n v e s t i g a t i o n s  o f  Meyer and Mark ( B e r ;  1 9 2 8 ,  6 1 ,  
5 9 3 ) ,  t h e  s t r u c t u r e  o f  c e l l u l o s e  i s  e s t a b l i s h e d  a s  c o n s i s t i n g  o f  
B_ - g lu c o s e  u n i t ?  j o i n e d  t o g e t h e r  b y  oxygen b r i d g e s  i n  1 : 4  p o s i t i o n s  t o  
fo rm  l i n e a r  m a c r o m o le c u l a r  c h a i n s  o f  up  t o  a b o u t  2000 u n i t s #  These  
l i e  more o r  l e s s  p a r a l l e l  t o  e a c h  o t h e r ,  f o r m i n g  c r y s t a l l i n e  r e g i o n s ,  
h e r e  and t h e r e  i n t e r s p e r s e d  b y  am orphous  r e g i o n s .  A c c o r d in g  t o  
C rank  ( J . S . D . C . ♦ 1 9 4 7 ,  6 3 ,  4 12 )  t h e  d y e i n g  o f  c e l l u l o s e  i s  c o n s i d e r e d  
t o  b e  a  p r o c e s s  o f  d i f f u s i o n  w i t h  a b s o r p t i o n  -  i . e .  accom pany ing  a  
c o n c e n t r a t i o n  C o f  i o n s  f r e e  t o  d i f f u s e  i s  a  c o n c e n t r a t i o n  S o f  i o n s  
bound t o  t h e  c e l l u l o s e .  The a s s u m p t i o n  t h a t  3 b e a r s  a c o n s t a n t  
r e l a t i o n s h i p  t o  C fo rm s  t h e  b a s i s  o f  e x i s t i n g  t h e o r i e s  o f  e q u i l i b r i u m  
dye a b s o r p t i o n .  Prom t h e  s u r f a c e  e l e c t r i c  p o t e n t i a l  o f  c e l l u l o s e  a s  
c a l c u l a t e d  by  N e a l e ,  and b y  a d o p t i n g  t h e  same m a t h e m a t i c a l  t r e a t m e n t  
a s  N e a l e ,  C ran k  d e r i v e s  e x p r e s s i o n s  f o r  t h e  t o t a l  s u r f a c e  c h a r g e ,  t h e  
t o t a l  s u r f a c e  a r e a  ( i n t e r n a l  and e x t e r n a l )  o f  t h e  c e l l u l o s e ,  and t h e  
d i f f u s i o n  c o e f f i c i e n t .  C ran k  as su m es  t h a t  t h e  c h a r g e  due t o  t h e  
c e l l u l o s e  i t s e l f  i s  i n d e p e n d e n t  o f  s a l t  c o n c e n t r a t i o n  and t e m p e r a t u r e .  
T hese  modern t h e o r i e s  a r e  b a s e d  m a in ly  on t h e  e l e c t r i c a l  t h e o r y  o f
-  5 -
d y e i n g  a s  o r i g i n a t e d  by  P e r r i n  ( J .C h im .  P h y s . ,  1 9 0 4 , 2 , 6 4 8 ;  1 9 0 5 ,
3 , 1 0 0 ) .  H a r r i s o n  ( J . S . D . C . , 1 9 1 1 , 2 7 , 2 7 9 )  c a r r i e d  o u t  e x p e r i m e n t a l  
work  on t h i s  s u b j e c t ,  and came t o  t h e  c o n c l u s i o n  t h a t  i n  t h e  c a s e  
o f  t h e  d y e i n g  o f  c e l l u l o s e  w i t h  d i r e c t  c o l o u r s  t h e  d i f f u s i o n  o f  
t h e  dye i o n s  r e l a t i v e  t o  t h e  c e l l u l o s e  i s  i n f l u e n c e d  b y  t h e  e l e c t r i c  
c h a r g e s  i n  t h e  same way a s  i n  t h e  d y e i n g  o f  f i b r e s  w i t h  o t h e r  d y e s ,  
b u t  t h e  d i r e c t  c o l o u r  i o n s  a r e  n o t  a b s o r b e d  b y ,  n o r  h e l d  t o ,  t h e  
c e l l u l o s e  b y  e l e c t r i c a l  a t t r a c t i o n ,  a s  a p p e a r s  t o  h ap p e n  when wool  
i s  dyed w i t h  b a s i c  c o l o u r s .  The d i r e c t  c o l o u r  i s  c o n s i d e r e d  t o  be  
m a i n l y  a g g r e g a t e d  o r  c o a g u l a t e d  w i t h i n  t h e  p o r e s  o f  t h e  c e l l u l o s e  
i n  c o n s e q u e n c e  o f  t h e  a d s o r p t i o n  o f  t h e  sod ium  i o n s  o f  t h e  dye b y  
t h e  c e l l u l o s e ,  a s s i s t e d  b y  t h e  p r e s e n c e  o f  s a l t s  and p o s s i b l y  b y  
o t h e r  f a c t o r s  t o  b e  c o n s i d e r e d  l a t e r ,  w h i l e  L e n h e r  and Sm i th  
( J .A m e r .C h e m .S o c . , 1 9 3 5 , 5 7 ,5 0 4 )  have  o b s e r v e d  a g g r e g a t i o n  o f  d y es  
b y  t h e  a c t i o n  o f  s a l t s ,  t h e  p r e s e n t  p o p u l a r  i d e a  i s  t h a t  t h i s  
a g g r e g a t i o n  d o es  n o t  a s s i s t  t h e  d y e i n g ,  w h ich  i s  supp o sed  t o  b e  due 
t o  a d i r e c t  a f f i n i t y  b e tw e e n  c e l l u l o s e  and c o l o u r  i o n s  o f  s u f f i c i e n t  
m a g n i tu d e  t o  overcome t h e  e l e c t r i c a l  r e p u l s i o n  due  t o  t h e i r  c h a r g e s .  
Mayer  ( T e x t i l b e r ; 1 9 2 8 , 9 , 5 7 3 )  s u g g e s t e d  t h a t  t h e  dyes  p o s s e s s i n g  
a l i n e a r  c o n f i g u r a t i o n ,  c a n  l i e  c l o s e  up  t o  t h e  c e l l u l o s e  m o le c u le  
and  t h e  r e s i d u a l  v a l e n c y  f o r c e s  w i l l  t h u s  b e  more e f f e c t i v e  i n  
h o l d i n g  t h e  two t o g e t h e r  t h a n  would be  t h e  c a s e  i f  t h e  dye was n o t  
l i n e a r .
I t  i s  now g e n e r a l l y  s u p p o se d  t h a t  t h e  a t t a c h m e n t  o f  d y es  t o  
c e l l u l o s i c  f i b r e s  i s  due t o  h y d r o g e n - b o n d i n g .  V a lk 6  ( K o l l o i d -  
c h e m is c h e  G r u n d la g e n  d e r  T e x t i l v e r e d l u n g , B e r l i n ,  1937) s u g g e s t e d
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t h a t  s u c h  l i n k a g e s  a r e  fo rm ed  b e t w e e n  d i r e c t  d y e s  and  c e l l u l o s e ,  
t h e  mode o f  u n i o n  o f  s u b s t a n t i v e  am ide  g r o u p i n g s ,  e . g . ,  was 
v i s u a l i s e d  a s  :
c e l l u l o s e
i
H -  0
• •• •• .
•  •• .
0 H
P r o t e i n s
The e a r l y  t h e o r y  r e m a i n s  much t h e  same t o - d a y ,  t h o u g h  more 
i s  now known o f  t h e  o r d e r  o f  a r r a n g e m e n t  o f  t h e  r e s i d u e s  and t h e  
f o l d e d  n a t u r e  o f  t h e  c h a i n s .  The p r o t e i n s  c o n s i s t  e s s e n t i a l l y  o f  
p o l y p e p t i d e  c h a i n  m o l e c u l e s  p r o d u c e d  by  t h e  l i n e a r  c o n d e n s a t i o n  o f  
- a m in o  a c i d s ,  s e e ,  e . g . ,  A s t b u r y  ( J . S . D . C . , 1 9 3 3 ,  4 9 ,  168)  and 
Speakman ( i b i d ; 1 9 3 3 , 4 9 , 1 8 0 ) ,  a l s o  Speakman i n  ’’F i b r e  S c i e n c e ” 
(The T e x t i l e  I n s t i t u t e ,  1 9 4 9 ,  c h a p .  x V l ) . Wool i s  b u i l t  up o f  
m i c e l l e s  l y i n g  p a r a l l e l  t o  t h e  a x i s  o f  t h e  f i b r e  and c o n s i s t i n g  o f  
l o n g  f o l d e d  p a r a l l e l  p e p t i d e  c h a i n s  h e l d  t o g e t h e r  by  c y s t i n e  and 
s a l t  l i n k a g e s .  I n  s i l k  t h e s e  c r o s s  l i n k a g e s  a r e  a b s e n t  b u t  t h e  
s t r e n g t h  o f  t h e  s i l k  f i b r e s  i s  b e l i e v e d  t o  b e  due  t o  t h e  f o r m a t i o n  
o f  h y d r o g e n -b o n d s  and Van d e r  Y/aals f o r c e s  b e tw e e n  t h e  a d j a c e n t  
c h a i n s  ( H o w i t t ,  ’’F i b r e  S c i e n c e ” Chap.  V) .  T hese  c a n  l i e  c l o s e l y  
t o g e t h e r  a s  t h e r e  a r e  no b u l k y  s i d e  c h a i n s  p r e s e n t  i n  t h e  s i l k  
m o l e c u l e .
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R e c e n t  r e s e a r c h e s  "by G-ralen ( i b  i d ; 1 9 5 0 , 6 6 ,4 6 5 )  have  shown 
t h a t  t h e  o u t e r  s u r f a c e  o f  t h e  w ool  f i b r e ,  known a s  t h e  c u t i c l e ,  
i s  s u r r o u n d e d  h y  a  v e r y  t h i n  sm ooth  membrane,  w h ich  i s  r e s p o n s i b l e  
f o r  t h e  low f r i c t i o n  o f  d r y  w ool  f i b r e s •
K nech t  ( i b i d ;  1 9 0 4 , 2 0 , 2 3 8 )  p r o p o s e d  and P o r t  ( i b i d ; 1 9 1 6 , 3 2 ,3 5 )
d e v e l o p e d  t h e  p r e s e n t  c h e m i c a l  t h e o r y  o f  wool d y e i n g ,  w h ich  has
b e e n  p ro v e d  b a s i c a l l y  c o r r e c t  a s  a r e s u l t  o f  d e t a i l e d  work by
Speakman and h i s  a s s o c i a t e s .  F u r t h e r  work b y  Speakman and S t o t t
( i b i d ; 1 9 5 4 , 5 0 ,5 4 1 )  has  shown t h a t  a c i d  s o r p t i o n  b y  wool i s  a
f u n c t i o n  o f  t h e  o f  t h e  b a t h  and n o t  o f  t h e  m o la r  c o n c e n t r a t i o n .
He h a s  a l s o  e s t a b l i s h e d  t h a t  t h e  maximum a c i d  c o m b in in g  c a p a c i t y  o f
1 g .  o f  wool  i s  a b o u t  0 . 8 2  ml.  o f  N - a c i d  a t  E l  1 ,  w h ich  c o r r e s p o n d s
f a i r l y  c l o s e l y  w i t h  t h e  number o f f r e e  amino g r o u p s  i n  w oo l .
Speakman and  S t o t t  have  shown t h a t  d e a m in a t e d  wool  h as  a much
r e d u c e d  c a p a c i t y  f o r  c o m b i n a t i o n  w i t h  a c i d ,  t h i s  c o m b i n a t i o n  b e i n g
s u g g e s t e d  a s  due t o  a t t a c h m e n t  w i t h  t h e  im ino  g r o u p s  i n  t h e  p r o t e i n
c h a i n .  A l l  t h e s e  f a c t s  c a n  b e  e x p l a i n e d  b y  Donnan1s t h e o r y  i f  i t
i s  a s  sinned t h a t  t h e  f i b r e  fo rm s  t h e  membrane and R -  NH* i o n s  formed
3
b y  i o n i s a t i o n  o f  t h e  amino g r o u p s  o f  t h e s i d e - c h a i n s  i n  t h e  a c i d  
s o l u t i o n  a r e  t h e  n o n - d i f f u s i b l e  i o n s ,  G o o d a l l  ( i b i d ;  1 9 3 7 , 5 3 , 5 0 ) .
From a  s e r i e s  o f  r e c e n t  i n v e s t i g a t i o n s ,  i t  i s  now g e n e r a l l y  
b e l i e v e d  t h a t  f ro m  an  a c i d  s o l u t i o n ,  h y d ro g e n  and c h l o r i d e  i o n s  ( i n  
t h e  c a s e  o f  h y d r o c h l o r i c  a c i d )  a r e  a d s o r b e d  by t h e  b a s i c  and  a c i d i c  
g r o u p s  r e s p e c t i v e l y  o f  t h e  d y e .  The l a r g e r  and more s l o w l y  d i f f u s i n g  
dye  i o n s  t h e n  d i s p l a c e  t h e  c h l o r i d e  io n s  f ro m  t h e  s i t e s .  The dye 
i o n s  must  have  g r e a t e r  a f f i n i t y  f o r  t h e  a b s o r p t i o n  s i t e s  t h a n  t h e
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c h l o r i d e  i o n s ;  t h i s  i s  b e l i e v e d  t o  he  due t o  t h e  f a c t  t h a t  i n  
a d d i t i o n  to  t h e  i o n i c  l i n k  o f  t h e  c h l o r i d e  i o n ,  t h e  dye a n i o n  i s  
f u r t h e r  a b l e  t o  fo rm  h y d ro g e n  b o n d s  w i t h  t h e  f i b r e s  ( s e e  V i c k e r s t a f f , 
"The P h y s i c a l  C h e m i s t r y  o f  D y e i n g , " E d in b u rg h  and London;  O l i v e r  
and  Boyd,  L t d . ,  1 9 5 0 ) .
C e l l u l o s e  A c e t a t e .
The d y e i n g  b e h a v i o u r  o f  c e l l u l o s e  a c e t a t e  r a y o n  i s  
c o m p l e t e l y  d i f f e r e n t  f ro m  t h a t  o f  t h e  c e l l u l o s e  f rom  w hich  i t  i s  
d e r i v e d .  Most  o f  t h e  d i r e c t  c o t t o n  d y e s  and a c i d  d y e s  l e a v e  t h e  
f i b r e  c o m p l e t e l y  u n c o l o u r e d .  T h i s  ch a n g e  a p p e a r s  t o  be  due t o  t h e  
a l t e r a t i o n  i n  s u r f a c e  c h a r a c t e r i s t i c s ,  w h e re a s  c e l l u l o s e  i s  h i g h l y  
h y d r o p h i l i c ,  c e l l u l o s e  a c e t a t e  i s  h i g h l y  h y d r o p h o b ic .  Prom t h e  
work o f  M arsden  and U r q u h a r t  ( J . T e x t . I n s t . , 1 9 4 5 , 3 3 , T 105) on 
t h e  s o r p t i o n  o f  p h e n o l s  by a c e t a t e  r a y o n ,  i t  a p p e a r s  t h a t  t h e  
mode o f  a t t a c h m e n t  may b e  by  h y d ro g e n  b o n d i n g .  The b e h a v i o u r  o f  
a c e t a t e  r a y o n  to w a r d s  p h e n o l ,  o - n i t r o p h e n o l  and £ - n i t r o p h e n o l  l e n d s  
s t r o n g  s u p p o r t  t o  t h i s  a s s u m p t i o n .  The s u i t a b l e  p o l a r  g r o u p  o f  a 
dye  m o l e c u l e  c o u l d  fo rm  a h y d ro g e n  bond w i t h  t h e  c a r b o n y l  oxygen 
o f  t h e  a c e t y l  s i d e  c h a i n ,  a s  shown b e lo w  :
ch3
—  H  0  - n
0 — c e l l u l o s e
N ylon .
N y lon  i s  a n  a r t i f i c i a l  f i b r e  p r e p a r e d  by c o n d e n s i n g  
h e x a m e t h y l e n e d i a m i n e  w i t h  a d i p i c  a c i d .  P o l y m e r i s a t i o n  p r o c e e d s  u n t i l
-  9 -
a  l o n g  c h a i n  compound o f  m o l e c u l a r  w e i g h t  1 0 - 1 2 ,0 0 0  i s  o b t a i n e d *  
T h i s  h as  a  f r e e  c a r b o x y l  and  amino g r o u p  a t  r e s p e c t i v e  ends  o f  t h e  
c h a i n ,  t h u s  : -
HooG. (CH ) 
4
Co.NH (CH ) HH.Co (CHp )
6  4
n
c o . h h  (CHo ) m  
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P e t e r s  ( J*S*D*C. , 1 9 4 7 , 6 5 ,3 8 8 )  h a s  shown t h a t  a t  £H v a l u e s  o f  3 -6  
t h e  d y e i n g  mechanism o f  n y l o n  w i t h  a c i d  d y e s  a p p e a r s  t o  be  s i m i l a r  
t o  t h a t  o f  v /oo l ,  t h e  o n l y  d i f f e r e n c e  b e i n g  t h a t  t h e r e  a r e  f e w e r  b a s i c  
s i t e s  a v a i l a b l e  i n  t h e  n y l o n  m o le c u le *  R e s e a r c h e s  b y  S k i n n e r  and 
V i c k e r s t a f f  ( i b i d ; 1 9 4 5 , 6 1 ,1 9 3 )  a r e  i n  a g r e e m e n t  w i t h  t h i s  and  t h e y  
s t a t e  t h a t  n y l o n  c o n t a i n s  0*05 m i l l i e q u i v a l e n t s  o f  b a s i c  g r o u p s  p e r  
gram*
I n  t h e  £H r a n g e  3 -6  i t  i s  e v i d e n t  t h a t  t h e  dye i s  s o r b e d  on t h e  
amino g r o u p s  w h ich  t e r m i n a t e  t h e  p o ly a m id e  c h a in s *  At lov /er  jdH 
v a l u e s  f u r t h e r  c o m b i n a t i o n  c a n  t a k e  p l a c e ,  p r o b a b l y  on t h e  w ea k e r  
b a s i c  am ide  g r o u p s .  T h i s  v i e w  h a s  b e e n  s u p p o r t e d  by  t h e  work  o f  
H a r r i s  and  Sookne ( B u r . S t a n d * J . R e s . , 1 9 4 1 ,  26 289)  and f u r t h e r  
c o n f i r m e d  b y  C a r l e n e ,  P e r n  and  V i c k e r s t a f f  (Symposium on r e c e n t  
a d v a n c e s  i n  t h e  t h e o r y  and p r a c t i c e  o f  D y e i n g ,  S . D . C . , 1 9 4 7 ,  P * 2 4 . ) ,  
who a l s o  i n v e s t i g a t e d  t h e  t e n d e r i n g  e f f e c t  o f  a c i d  d y e s  on nylon*
at
R e c e n t l y  O’ Bri isn  and  P e t e r s  ( J* S.D. C. , 1 9 5 5 , 6 9 , 4 3 5 ) ,  f rom  
i n v e s t i g a t i o n s  d e s i g n e d  t o  r e c o n c i l e  P e t e r ’ s e a r l i e r  work w i t h  
a p p a r e n t l y  c o n f l i c t i n g  e v i d e n c e  g i v e n  b y  R em in g to n  and G-ladding 
( J.Amer* Chem* S o c . . 1 9 5 0 , 7 2 ,2 5 5 5 )  have  c o n c l u d e d  t h a t  t h e  dye  which  
i s  f i x e d  t o  amide  g r o u p s  a t  low jdH v a l u e s  c a t a l y s e s  h y d r o l y s i s  o f
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t h e  f i b r e  a t  t h e s e  p o s i t i o n s ,  b y  t h e  a c i d  p r e s e n t ,  t h u s  l o w e r i n g  
i t s  m ol .  w t .  and  i n c r e a s i n g  t h e  number  o f  f r e e  a m i n o - g r o u p s .
The Hydrogen  Bond
Though v a r i o u s  h y p o t h e s e s  r e g a r d i n g  t h e  a b s o r p t i o n  o f  
d y e s  and o r g a n i c  compounds on t e x t i l e  f i b r e s  o t h e r  t h a n  p r o t e i n s  
have  b e e n  p u t  f o r w a r d ,  t h e  modern t h e o r y  w h ich  h as  g a i n e d  much 
s u p p o r t  i s  t h a t  o f  h y d ro g e n  b o n d i n g .  I n  t h e  p r e s e n t  w o rk ,  a t t e m p t s  
have  b e e n  made t o  v e r i f y  t h i s  t h e o r y  b y  a b s o r p t i o n  e x p e r i m e n t s  and 
b y  e x a m in in g  model  compounds c o r r e s p o n d i n g  t o  t h e  s t r u c t u r e  o f  
t e x t i l e  f i b r e s  and o b s e r v i n g  t h e i r  c o m b i n a t i o n s  w i t h  v a r i o u s  g ro u p s  
i . e .  -N = N- , - 0 H - ,  a c e t y l  e t c .  , b y  t h e  r e f r a c t i v e  i n d e x  and 
d i e l e c t r i c  c o n s t a n t  m e th o d s .  T h ese  a r e  d i s c u s s e d  i n  d e t a i l  i n  t h e  
l a t t e r  p a r t  o f  t h i s  t h e s i s .
Below i s  g i v e n  a b r i e f  r e v i e w  o f  t h e  h y d r o g e n - b o n d i n g  mechanism.  
The u n i q u e  p r o p e r t y  e x h i b i t e d  b y  t h e  h y d ro g e n  a to m  i n  t h e  f o r m a t i o n  
o f  t h i s  bond  i s  d u e  t o  t h e  f a c t  t h a t  t h e  p o s i t i v e  h y d ro g e n  i o n  i s  
a  l o n e  p r o t o n  h a v in g  no im p e d in g  s h e l l  o f  e l e c t r o n s  a ro u n d  i t .  I t  
c a n  a t t r a c t  two a n i o n s  b e tw e e n  w h ic h  i t  fo rm s  a b r i d g e .  I n  t h e  e a r l y  
p e r i o d  i t  was t h o u g h t  t h a t  t h e  bond was s y m m e t r i c a l ,  b u t  t h i s  h a s  
b e e n  d i s p r o v e d  l a r g e l y  b y  t h e  work o f  P a u l i n g  ( P r o c . N a t . A c a d . S c i . , 
1 9 2 8 , 1 4 , 3 5 9 ) ,  who has  a l s o  shown t h a t  one h y d ro g e n  atom c a n  fo rm  
one h y d ro g e n  b o n d .  He s t a t e d  t h a t  b e c a u s e  a  h y d ro g e n  a tom  h a s  o n ly  
one s t a b l e  o r b i t a l ,  i t  c a n  fo rm  o n l y  one c o v a l e n t  l i n k  and t h e r e f o r e  
a  h y d ro g en  bond  must  b e  due  t o  i o n i c  f o r c e s .  I t  i s  formed b e tw e e n  
t h e  most  e l e c t r o n e g a t i v e  a t o m s ,  t h e  s t r e n g t h  o f  t h e  bond i n c r e a s i n g  
w i t h  t h e  e l e c t r o n e g a t i v i t y  o f  t h e  two bonded  a t o n s .  e . g . , 
f l u o r i n e  >  oxygen  n i t r o g e n  c h l o r i n e .
- l i ­
l t  i s  fo u n d  t h a t  h y d ro x y  g r o u p s  i n  p h e n o l s  fo rm  a  s t r o n g e r
bond t h a n  t h o s e  o f  a l i p h a t i c  a l c o h o l s .  T h i s  h as  b e e n  e x p l a i n e d
on t h e  b a s i s  t h a t  t h e  h i g h e r  e l e c t r o n e g a t i v i t y  o f  t h e  oxygen  a tom
i n  t h e  p h e n o l s  i s  due  t o  r e s o n a n c e .
F o r  t h e  f o r m a t i o n  o f  a  h y d r o g e n  bond  t h e  h y d ro g e n  atom s h o u ld
b e  a p p r o x i m a t e l y  d i r e c t e d  t o w a r d s  t h e  a n i o n  w h ic h  i s  t o  b e  b o n d e d ,
R o b e r t s o n  ( T r a n s .  F a r a d a y  S o c . , 1 9 4 0 , 5 6 , 9 1 5 ) .  The m o le c u le  s h o u ld
hav e  a  e o p l a n a r  c o n f i g u r a t i o n ,  so t h a t  no s t e r i c  h i n d r a n c e  may b e
o f f e r e d  t o  t h e  a p p r o a c h i n g  g r o u p  i n  e s t a b l i s h i n g  c o n t a c t  c l o s e l y
enough  t o  e n a b l e  t h e  b o n d in g  t o  o c c u r .  I n  g e n e r a l ,  f o r m a t i o n  o f  a
s i x  membered r i n g  c o n s t i t u t e s  a  f a v o u r a b l e  c o n d i t i o n  f o r  h y d ro g e n
Hb o n d i n g .  /
0
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d o e s  n o t  fo rm  a s t r o n g  h y d r o g e n  b o n d ,  b e c a u s e  t h e  0 - 0  d i s t a n c e  
i s  l a r g e  and t h e  h y d r o g e n  a to m  o f  t h e  h y d r o x y l  g ro u p  i s  n o t  w e l l  
d i r e c t e d  to w a rd s  t h e  c a r b o n y l  oxygen  a to m .
The n a t u r e  o f  t h e  A t t a c h m e n t  o f  Dye Lakes  t o  Wool
T h i s  was  d i s c u s s e d  b y  G i l e s  ( J . S . D . C . , 1 9 4 4 , 6 0 ,5 0 5 )  who 
s u g g e s t e d  t h a t  t h e  n o rm a l  m o rd a n te d  chrome l a k e s  on wool m igh t  b e  
1 : 1 -  c o m p l e x e s ,  t h e  f r e e  c o - o r d i n a t e  v a l e n c i e s  o f  t h e  m e t a l  p e r h a p s  
b e i n g  a t t a c h e d  t o  t h e  f i b r e  i t s e l f ,  so  i n c r e a s i n g  t h e  r e s i s t a n c e  t o  
wet  t r e a t m e n t s .  L a t e r ,  h o w e v e r ,  R a c e ,  Rowe and Speakman ( i b i d ;  
1 9 4 6 , 6 2 ,3 7 2 )  showed t h a t  t h e  l a k e s  o f  s e v e r a l  t y p i c a l  m ordan t  d y e s ,  
on t h e  f i b r e  hav e  a 2 : 1  (dye  : m e t a l )  r a t i o ,  w h ic h  means t h a t  an
-  IS  -
a d d i t i o n a l  a t t a c h m e n t  t o  t h e  f i b r e  i s  d o u b t f u l ,  and  t h e y  s u g g e s t e d  
t h a t  t h e  i n c r e a s e d  w e t - f a s t n e s s  o f  m o rd a n te d  d y e i n g s  i s  s im p ly  due 
t o  t h e  r e d u c t i o n  o f  d i f f u s i o n  r a t e  p r o d u c e d  b y  th e  d o u b l i n g  o f  s i z e  
o f  t h e  dye m o l e c u l e .
1 3 .
S e c t i o n  1 . Q u a n t i t a t i v e  A n a l y s i s  o f  Azo and o t h e r
Dyes and  I n t e r m e d i a t e s #
S i n c e  c o m m e rc ia l  d y es  a r e  n o t  v e r y  p u r e  an d  h e n ce  u n l i k e l y  t o
g i v e  a c c u r a t e  m easu rem en ts  f o r  a b s o r p t i o n  e x p e r i m e n t s  and  m o re o v e r
i t  i s  a d v i s a b l e  t o  know t h e  d e g r e e  o f  p u r i t y  o f  a dye b e f o r e  p u t t i n g
i t  t o  i t s  a c t u a l  u s e ^
t h e  a u t h o r ,  i n  t h e  f i r s t  p a r t  o f  t h e  t h e s i s ,  d e a l s  w i t h  t h e  a n a l y s i s  
o f  d y e s  and  i n t e r m e d i a t e s .
I f  t h e  a b s o l u t e  p u r i t y  i s  r e q u i r e d ,  a  c h e m i c a l  a n a l y s i s  must  
b e  made on t h e  s a m p le .  The d i r e c t  c o l o r i m e t r i c  a n a l y s i s  o f  unknown 
sa m p le s  a g a i n s t  p u r i f i e d  s p e c i m e n s ,  i s  n o t  a l w a y s  e a s i l y  a p p l i c a b l e  
w i t h  w a t e r  s o l u b l e  d y e s ,  t h e  d i f f i c u l t y  a r i s i n g  o f  p u r i f y i n g  t h e  
s a m p l e s , u s e d  f o r  c o m p a r i so n  t o  t h e  r e q u i r e d  d e g r e e  o f  p u r i t y .  A 
s im p l e  and  a c c u r a t e  a n a l y t i c a l  method f o r  d e t e r m i n i n g  t h e  p u r i t y  o f  
d y e s ,  e s p e c i a l l y  o f  w a t e r  s o l u b l e  t y p e s ,  i s ,  t h e r e f o r e ,  o f  some 
g e n e r a l  i n t e r e s t .
TITANOUS SALT ANALYSIS
The s t a n d a r d  q u a n t i t a t i v e  method f o r  t h e  a n a l y s i s  o f  w a t e r  
s o l u b l e  d y e s  i s  t h e  r e d u c t i o n  p r o c e s s  u s i n g  t i t a n o u s  s a l t  s o l u t i o n s ,
.T..S D ti-
f i r s t  p r o p o s e d  by  K n e c h t ,  ( ib-i-d; 1 9 , 169 ( 1 9 0 3 ) ,  i b i d ; 2 1 , 2 9 2 ,
(K n e c h t  and H i b b e r t ,  ( i b i d ; 2 1 ,  344 ( 1 9 0 5 ) ,  K n e c h t  and H i b b e r t ,
( i b i d ; 2 3 ,  2 8 5 ,  ( 1 9 0 7 ) ,  K nech t  ( i b i d ; 2 5 ,  1 3 5 ,  ( 1 9 0 9 ) ,  K n e c h t ,
( i b i d ;  2 7 ,  13 ( 1 9 1 1 ) ,  K nech t  and H i b b e r t ,  ( i b i d ; 5 1 , 214 ( 1 9 1 5 ) ,  
K n ech t  and H i b b e r t ,  (New R e d u c t i o n  M ethods  i n  V o l u m e t r i c  A n a l y s i s  
(London;  Longmans G reen  & Co; 2nd e d i t i o n ,  1 9 2 5 . )
T h i s  method i s  s u i t a b l e  f o r  a l m o s t  a l l  w a t e r - s o l u b l e  a z o  dyes  and
f o r  some d y e s  o f  o t h e r  w a t e r - s o l u b l e  c l a s s e s ,  a s  w e l l  a s  f o r  c e r t a i n  
i n t e r m e d i a t e s ,  e . g .  n i t r o  and n i t r o s o  compounds.  The r e s u l t s  o b t a i n e d  
b y  t h i s  method a r e  f a i r l y  r e l i a b l e ,  b u t  t h e r e  a r e  a few o b j e c t i o n s  t o  
i t s  u s e ,  i n c l u d i n g  —
( a ) The i n s t a b i l i t y  o f  t h e  s o l u t i o n s  o f  t i t a n o u s  c h l o r i d e  or  s u l p h a t e  
w hich  n e c e s s i t a t e s  a c o m p l i c a t e d  a p p a r a t u s  i n  o r d e r  to  p r e v e n t  t h e  
r e a g e n t  f ro m  o x i d a t i o n .  F o r  t h i s  r e a s o n  a c o n t i n u o u s  f l o w  o f  hyd ro g en  
p r e p a r e d  f rom  g r a n u l a t e d  z i n c  and  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  i s  
e m p lo y ed ,  e v e n  s o ,  t h e  s t r e n g t h  o f  t h e  r e d u c i n g  s o l u t i o n  must  b e  
ch ec k e d  b e f o r e  e v e r y  u s e ,  a g a i n s t  a  s t a n d a r d  o x i d i s i n g  s o l u t i o n  
( f e r r i c  ammonium a l u m . )
0>) The need  t o  u s e  a dye s o l u t i o n  c o n t a i n i n g  2N. h y d r o c h l o r i c  a c i d ,  
w h ich  c a u s e s  t h e  e v o l u t i o n  o f  s t r o n g l y  a c i d  v a p o u r s  f rom  t h e  b o i l i n g  
s o l u t i o n  d u r i n g  t h e  t i t r a t i o n .
( c )  Many d y es  do n o t  show d i s t i n c t  c o l o u r  c h a n g e  a t  t h e  end p o i n t ,  
an d  t h i s  n e c e s s i t a t e s  a c o m p l i c a t i o n  o f  t h e  p r o c e d u r e  b y  a d d i n g  e x c e s s  
o f  r e d u c i n g  a g e n t ,  a t  t h e  b o i l ,  and t h e n  c o o l i n g  and b a c k - t i t r a t i n g  
w i t h  f e r r i c  ammonium a lum .
( d )  The n e c e s s i t y  f o r  c a r r y i n g  o u t  t h e  t i t r a t i o n  a t  t h e  b o i l .
O x i d a t i o n  w i t h  P o t a s s i u m  D ic h ro m a te  and  S u l p h u r i c -*
M e  id
DYES
D e s a i  and  G i l e s  ( J . S . D . C . , 6 5 , 6 3 9 , ( 1 9 4 9 )  ) w h i l e  c o n d u c t i n g  an  
i n v e s t i g a t i o n  i n t o  t h e  o x i d a t i o n  o f  a z o  com pounds ,  f o u n d  t h a t  a 
q u a n t i t a t i v e  y i e l d  o f  n i t r o g e n  f rom  w a t e r  s o l u b l e  a z o  d y e s ,  n o t  
c o n t a i n i n g  o t h e r  n i t r o g e n  a t o m s ,  c a n  be  o b t a i n e d  b y  b o i l i n g  i n  d i l u t e
1 5 .
p o t a s s i u m  d i c h r o m a t e  -  s u l p h u r i c  a c i d  s o l u t i o n ,  i f  g r o u p s  c o n t a i n i n g  
n i t r o g e n ,  o t h e r  t h a n  t h e  a z o  g r o u p s , w e r e  p r e s e n t  i n  t h e  d y e ,  o n l y  
a  p o r t i o n  o f  t h e  t o t a l  n i t r o g e n  was r e c o v e r e d .
By u s i n g  t h e  new m o d i f i e d  m e th o d ,  w h ich  i s  s i m p l e  and o f  good a c c u r a c y ,  
a l m o s t  a l l  t y p e s  o f  a z o  d y e ,  i n c l u d i n g  t h o s e  c o n t a i n i n g  n i t r o g e n  
i n  g r o u p s  o t h e r  t h a n  t h e  azo  g r o u p ,  can  "be a n a l y s e d  q u a n t i t a t i v e l y .  
C e r t a i n  o t h e r  c l a s s e s  o f  dye c a n  "be d e t e r m i n e d  as  w e l l .  The r e a g e n t s  
employed r e q u i r e  no s t a n d a r d i s a t i o n ,  and t h e  a p p a r a t u s  ( F i g .  3)  i s  
i n e x p e n s i v e ,  r o b u s t ,  and r e a d i l y  a s s e m b l e d .  A number  o f  r e p r e s e n t a ­
t i v e  d y e s  w ere  a n a l y s e d  b o t h  b y  t h e  new method and b y  means o f  
t i t a n o u s  c h l o r i d e .  I n  a  few c a s e s /q th e  l a t t e r  p ro v e d  u n s u i t a b l e  o r  
gave  d o u b t f u l  r e s u l t s ,  m i c r o a n a l y s i s  b y  c o m b u s t i o n  was u s e d  a s  a check .  
The s a m p le s  u s e d  w ere  b o t h  o l d  an d  new c o m m e rc ia l  p r o d u c t s ,  l a b o r a t o r y  
p r e p a r a t i o n s ,  c r u d e  and p u r i f i e d ,  and r e c r y s t a l l i s e d  co m m erc ia l  d y e s .  
The r e s u l t s  a r e  g i v e n  i n  T a b l e s  1 and 2 ,  f rom  w h ich  t h e  f o l l o w i n g  
g e n e r a l  c o n c l u s i o n s  r e g a r d i n g  t h e  a p p l i c a b i l i t y  o f  t h e  new method may 
b e  drawn -
I t  a p p e a r s  t o  be  s u i t a b l e  f o r  a l l  h y d ro x y a z o  d y e s ,  w h e t h e r  w a t e r -  
s o l u b l e  o r  w a t e r - i n s o l u b l e , and f o r  a zo  d y e s  w i t h o u t  h y d ro x y  g r o u p s  
i f  s u l p h o n i c  a c i d  g ro u p s  a r e  p r e s e n t .  U n s u l p h o n a te d  azo  d y es  w i t h o u t  
h y d ro x y  g r o u p s  c o u l d  n o t  be  e s t i m a t e d .  I t  c a n  be  u sed  s u c c e s s f u l l y  
w i t h  m e t h y l e n e - b l u e  and some t r i p h e m y l m e t h a n e  and a n t h r a q u i n o n e  d y e s ,  
a l t h o u g h  i n s u f f i c i e n t  exam p les  h a v e  b e e n  exam ined  t o  d e t e r m i n e  
w h e t h e r  i t  i s  a p p l i c a b l e  t o  t h e  same e x t e n t  a s  t o  a z o  d y e s .  I t  
a p p e a r s  t o  b e  u n s u i t a b l e  f o r  c y a n i n e ,  v a t ,  and  w a t e r - i n s o l u b l e  
a n t h r a q u i n o n e  dyes..8E0 d y ^ c .  Many o f
t h e  d y e s  o t h e r  t h a n  t h o s e  o f  t h e  a z o  c l a s s ,  c a n  n o t  b e  s a t i s f a c t o r i l y
-  15a -
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27 Aniline 2-Naphthol-6:8-disulphonic 
(G) acid
L.P.* 100 99-9 ------
28 Aniline 2-Naphthol- 3:6-disulphonic 
(R) acid
L.P. 99 98-7 ------
31 Aniline 8-Acetamido-1 -naphthol- 
3:6-disulphonic acid
Azo Geranine 2GS 
(ICI)
31 30-8 ------
39 r/i-Nitroaniline R acid L.P. 113f 99-4 ---
42 p-Nitroaniline N  -Ethyl-A7 -p-sulpliobenzyl- 
aniline
Azo Cardinal G (A) 35f 36-2 35*5
(64) p-Toluidine R acid L.P. + 100 99-0 . —
78 m-Xylidine 2-Naphthol-6-sulphonic 
(Schffaer’s) acid
Scarlet 2R (B)' 31 29-9 —




119 2 -Methoxy- 5 -methyl - 
aniline
1 -N aphthol -3:8- di sulphonic 
acid
Eosamine B (A) 52 51-7 —
148 Sulphanilic acid Resorcinol Resoreine Yellow (A) 60 59-8 —
151 Sulphanilic acid fi-Naphthol L.P. (crude) 61 61-3 —
170 o-Aminophenol-p -sulphonic 
acid
1:5-Dihydroxynaphthalene Diamond Black PV 
(By)
32 31-2 —
176 1 -Naphthylamine-4- 
sulphonic acid
-Naphthol Recryst. from Naph­
thalene Red J (ICI)
100 100-1 —
182 1 -Naphthylamine-4- 
sulphonic acid





G acid Recryst. from Naph­
thalene Scarlet 4R 
(ICI)
85 85-4




Janus Red B (MLB) 62 62-1 —
518 Dianisidine 1 - Amino - 8 -naphtholdi - 
sulphonic acid (2S acid)a
Chlorazol Sky Blue 
’ FES (ICI)
18 17-7 T--
— p-Anisidine R acid L.P. 89-5 90-1 —
____ m-Chloroaniline R acid L.P. . +  . 68 67-8
( 1 0 0 4—p-Chloroaniline R acid L.P. (9 9 ) 88 87-61
— N N -Dimethyl-p- 
phenylenediamine
R acid L.P. 52-5 5?-l •
— p-Nitroaniline R acid L.P. •88t 88-5 —
— p-Phenetidine R acid L.P. 73 71-9 —
— Benzidine (R acid)a L.P. 41-5 40-8 —
• Laboratory preparation, 
t Assuming the nltro group it aot r*iu«*d.
+ P u r i f i e d  b y  one p a s s a g e  t h r o u g h  a n  i o n - e x c h a n g e  ( a n i o n i c  and 
c a t i o n i c )  r e s i n  column.
x (N ot  done b y  t h e  a u t h o r ) .
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TABLE 2.
Analytical D ata on  M iscellaneous Dyes
G.I.
No.
T y p e  and or Constitution of Dye Sample used
Base Coupling Component(s)
Purity (%) found by— 
TiCl3 K2Cr„07 Microanalysis 
(N by 
combustion)
W a t e r -in s o l u b l e  H y d r o x y a z o  D y e s
24 Aniline /?-Naphthol L.P. (recryst.) 99 99-4 —
38 wj-Nitroaniline ^-Naphthol L.P. (recryst.) 96 96-4 —
— m-Chloroaniline -Naphthol L.P. (recryst.) * 99-1 —
— p-Chloroaniline -Naphthol L.P. (recryst.) * 100 —
—- VJV-dimethyl-p-phenylene- d-Naphthol L.P. (recryst.) 72 73-0 —
diamine
— p-Phenetidine ^-Naphthol L.P. (recryst.) 98 97-7 —
— p-Toluidine /^-Naphthol L.P. (recryst.) 96-5 94-7 ’ —
Azo C o m p o u n d s  w i t h o u t  H y d r o x y  G r o u p s
— Azobenzene —- Pure recryst. — 16 —
15 Aminoazobenzine — Pure recryst. — 25 ■—
— 4-Nitro-4'-A7 -phenylaminoazobenzene Dispersol Fast Orange 
A (ICI)10 (recryst.)
— 28 —
21 Aniline wi-Toluylenediamine Chrysoidine RL (B) 90* 19 —
143 Sulphanilic acid Diphenylamine Recryst. commercial 
product
97 96-9 —
147 Na 4'-A-(2:4-dinitrophenyl)arninoazobenzene-4- 
sulphonate
Azo Flavine FF (B) (65)
* t
50-5 52-5







SULPHONATED T r IPHENYLMETHANE CLASS
670 Na salt of 4-sulpho-4/:4"-bis(Ar-methyl-2V-p-sulpho- 
benzylamino)triphenylmethyl
Lissamine Green SFS 
(ICI)
73-5 74-8 —
735 Na salt of bis-p-dimethylaminophenyl-2:7-disulpho-l - 
naphthylmethyl
Lissamine Green VS 
(ICI)
65-5 66-9
A z i n e  C l a s s
841 3:7-Diamino-2:8-dimethyl-5-phenyl(or o-tolyl)- Safranine — t —
phenazinium chloride 
T h i a z i n e  C l a s s
922 3:7-Bisdimethylaminophenazathionium zinc chloride Methylene Blue 2BS 
(ICI)
47|| 47-3(1 —
924 3:7-Bisdimethylamino-4-nitrophenazathionium zinc Methylene Green — ++ •—
chloride
A n t h r a q u i n o n o i d  D y e s
1054 Sodium l:5-diamino-4:8-dihydroxyanthraquinone-3:7- 
disulphonate
Alizarin Sapphire Blue 
B (CAC)
— 60-1 57-5
1076 Sodium salt of 1-amino-2-methyl-4-o-sulpho-p-methyl - Solway Blue RNS — 50'0 51-0
anilinoanthraquinone
Na l:4-Diaminoanthraquinone-2-sulphonate L.P. — 54-5 52-5
Several dyes of the V a t  and C y a n i n e  classes and an anthraqumonoid D i s p e r s e  dye all gave very low yields of nitrogen. 
* Titanous chloride in these cases gave abnormally high analytical figures.
t Partial reduction of the nitro groupB takes place with TiCla, and the purity value obtained (based on no reduction of nitro groups) is 
unreliable, 
t Very low yield of nitrogen.
II Calculated as finovdye.
1 6 .
e s t i m a t e d  b y  t i t a n o u s  c h l o r i d e  a n a l y s i s ,  and  t h e  m i c r o a n a l y t i c a l  
f i g u r e s  f o r  n i t r o g e n  a r e  n o t  a lw ay s  s u f f i c i e n t l y  p r e c i s e  f o r  g i v i n g  
p u r i t y  d a t a .  So fs®r t h e s e  v e r y  r e a s o n s ,  t h e  s u i t a b i l i t y  o f  t h e  
new method f o r  t h e s e  dyes  c a n  n o t  be a s s e s s e d  a c c u r a t e l y ,  a s  no 
s u i t a b l e  s t a n d a r d  o f  c o m p a r i s o n  i s  a v a i l a b l e  b y  w h ic h  t o  c h e c k  t h e  
r e s u l t s .
The a u t h o r  h a s  b e e n  u n a b l e  t o  f i n d  any  p u b l i s h e d  r e c o r d  o f  t h e  
u s e  o f  t i t a n o u s  s a l t  a n a l y s i s  f o r  e i t h e r  ( 1 )  n i t r o a z o  d y es  o r  (1 1 )  
w a t e r  i n s o l u b l e  a z o  d y e s .  The p r e s e n t  t e s t s  show t h a t  ( 1 )  g i v e  
d o u b t f u l  r e s u l t s  i n  some c a s e s  w i t h  t i t a n o u s  c h l o r i d e ,  owing t o  
p a r t i a l  r e d u c t i o n  o f  t h e  n i t r o  g r o u p ;  i n  s e v e r a l  e x a m p le s ,  no r e d ­
u c t i o n  o f  t h i s  g ro u p  a p p e a r e d  t o  t a k e  p l a c e .  The p r e s e n t  d i c h r o m a te  
o x i d a t i o n  method g i v e s  y i e l d s  c o r r e s p o n d i n g  t o  t h e  t o t a l  n i t r o g e n ,  
i n c l u d i n g  t h a t  o f  t h e  n i t r o  g roup# I t  i s  found  t h a t  t h e  w a t e r -  
i n s o l u b l e  a z o  d y es  c a n  be  e s t i m a t e d  q u i t e  s a t i s f a c t o r i l y  i n  g l a c i a l  
a c e t i c  a c i d  s o l u t i o n  by  means o f  t i t a n o u s  s a l t s  o r  t h e  new m e th o d ,  
and  t h e  r e s u l t s  by  t h e  two methods  a r e  i n  a g r e e m e n t .
I n t e r m e d i a t e s
The p r e s e n t  method was t e s t e d  on t h e  f o l l o w i n g  i n t e r m e d i a t e s  -  
a c e t a n i l i d e ,  £ - a n i s i d i n e  h y d r o c h l o r i d e ,  d i p h e n y l a m i n e , H - a c i d ,  £ -  
n i t r o a n i l i n e ,  2 - n i t r o n a p h t h a l e n e  -  4 : 8  -  d i s u l p h o n i c  a c i d .  I n  a l l  
c a s e s  v e r y  low y i e l d s  o f  n i t r o g e n  ( 3 - 1 5 $  o f  t h e o r e t i c a l )  were  
o b t a i n e d .  T h e re  i s  l i t t l e  s t r u c t u r a l  r e s e m b l a n c e  b e tw e e n  t h e s e  
compounds,  and i t  i s  d i f f i c u l t  t o  e x p l a i n  why a s  a  c l a s s  t h e y  do 
n o t  decompose r e a d i l y ,  w h i l e  many d y e s ,  o f  e q u a l l y  v a r i e d  s t r u c t u r e s ,  
g i v e  q u a n t i t a t i v e  y i e l d s  o f  n i t r o g e n .  A p o s s i b l e  a s s u m p t i o n  i s  t h a t  
c o l o u r e d  com pounds ,  v i x .  d y e s ,  decompose q u a n t i t a t i v e l y ,  w h e re a s
u n c o l o u r e d  i n t e r m e d i a t e s  do n o t .  Prom t h e  above  f a c t s ,  i t  a p p e a r s  
t h a t  t h e  e a s e  o f  r e l e a s e  o f  n i t r o g e n  i s  r e l a t e d  t o  t h e  s t r u c t u r a l  
c h a r a c t e r i s t i c s  c o n f e r r i n g  c o l o u r  on t h e  m o l e c u l e .
P r e c i s i o n  : S e r i e s  o f  up t o  t e n  r e p l i c a t i o n s  o f  a n a l y s e s  o f  d y es
w h ic h  decompose r a p i d l y  gave  s t a n d a r d  d e v i a t i o n s  o f  
a b o u t  0 . 3 .
R e a c t i o n  M echanism.
I t  i s  assumed t h a t ,  i n  t h e  c a s e  o f  t h e  h y d ro x y a z o  d y e s ,  
t h e  q u in o n e  h y d r a z o n e  t a u t o m e r  i s  p r e f e r e n t i a l l y  a t t a c k e d ,  and 
d i s r u p t i o n  f i r s t  o c c u r s  o f  a G=N bond a d j a c e n t  t o  th e  a r o m a t i c  
n u c l e u s  c o n t a i n i n g  t h e  h y d ro x y  g r o u p ,  l e a d i n g  t o  t h e  f o r m a t i o n  o f  
a  d ia z o n iu m  s a l t ,  w h ich  t h e n  l o s e s  n i t r o g e n  ( J . S . D . C . , 6 5 , 6 3 9 , ( 1 9 4 9 ) ]
\ D e s a i  and G i le s ) .  The p r e s e n t  method shows t h a t  t h e  n i t r o g e n  i n  t h e  
a z o  g ro u p  a p p e a r s  t o  be  g i v e n  o f f  more r a p i d l y  t h a n  t h a t  i n  o t h e r  
g r o u p s  i n  t h e  m o l e c u l e ,  t h e r e b y  s u p p o r t i n g  t h e  above  s u p p o s i t i o n .  
A f t e r  t h e  d e c o m p o s i t i o n  o f  t h i s  g r o u p ,  a g e n e r a l  b r e a k - u p  o f  t h e  
d i s r u p t i o n  p r o d u c t s  must  o c c u r .  I t  h a s  b e e n  n o t i c e d  t h a t  o -hyd ro x y azc  
compounds decompose more r a p i d l y  t h a n  t h e  p a r a - i s o m e r s  i n  t h e  p r e s e n t  
p r o c e d u r e .  T h i s  a g r e e s  w i t h  s u g g e s t i o n s  made by  p r e v i o u s  w o r k e r s  
t h a t  t h e  f o r m e r  e x i s t  l a r g e l y  a s  qu in o n e  h y d r a z o n e s  and t h e  l a t t e r  a s  
t h e  azo  t a u t o m e r s .  e . g .  G i l e s  and N e u s t a d e r ,  ( J . G . S . , 1 8 6 4 ,  (May, 
1952)  ) Azo compounds c o n t a i n i n g  n e i t h e r  h y d ro x y  n o r  s u l p h o n i c  
a c i d  g r o u p s  must  decompose i n  a  d i f f e r e n t  manner  f rom h y d ro x y  azo  
com pounds ,  b e c a u s e  t h e y  g i v e  low y i e l d s  o f  n i t r o g e n ,  n o t  even  
c o r r e s p o n d i n g  t o  t h e  a z o  g r o u p  a l o n e .
A b s o r p t i o m e t r i c  A n a l y s i s  o f  Azo Dyes u s i n g  C e r i c  S u l p h a t e  a s  O x i d a n t .
G e r i c  s u l p h a t e  i s  a s t a b l e ,  c l e a n ,  and c o n v e n i e n t  o x i d i s i n g
a g e n t s ( V o g e l ,  A T e x t  Book o f  Q u a n t i t a t i v e  I n o r g a n i c  A n a l y s i s  
(London:  Longmans Green  & G o . ,  2nd e d i t i o n ,  1 9 5 1 ) ,  W i l l a r d  and
Young, ( J .  Amer. Ghem. S oc . , 5 2 ,1 3 2  ( 1 9 3 0 ) ,  and  l a t e r  p a p e r s ) .  I t
was found  t h a t  s o l u t i o n s  o f  many a z o  d y e s  a r e  i n s t a n t a n e o u s l y  
d e c o l o r i s e d  by  i t  i n  t h e  c o l d .  I t  h a s  b e e n  r e p o r t e d ^ D e s a i  and 
G i l e s ,  ( J . S . D . G . , 6 5 . 6 5 9 . ( 1 9 4 9 )  ) t h a t  v o l u m e t r i c  and p o t e n t i o m e t r i c  
a n a l y s i s  o f  O range  XT w i t h  e e r i e  s u l p h a t e  d o e s  n o t  g i v e  c o n c l u s i v e  
r e s u l t s .  I n  t h e  p r e s e n t  w ork  an  a b s o r p t i o m e t e r  was u s e d  i n  a s s e s s i n g  
t h e  d e c o m p o s i t i o n  o f  d y es  by  t h i s  r e a g e n t ,  and a s im p le  a n a l y t i c a l  
method s u i t a b l e  f o r  r o u t i n e  a n a l y s i s  was worked o u t .  The method i s  
t o  add  i n c r e a s i n g  q u a n t i t i e s  o f  0 . 0 0 IN.  e e r i e  s u l p h a t e  s o l u t i o n ,  
a c i d i f i e d  w i t h  s u l p h u r i c  a c i d ,  t o  a  s e r i e s  o f  a l i q u o t s  o f  a  dye 
s o l u t i o n ,  ( a  s u i t a b l e  s t r e n g t h  b e i n g  0 . 0 5  -  0 . 1 $ ) .  The s o l u t i o n s  
a r e  t h e n  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  a b o u t  10 min. t o  
e n s u r e  c o m p l e t i o n  o f  t h e  r e a c t i o n ,  and a r e  a f t e r w a r d s  s u i t a b l y  
d i l u t e d  f o r  o p t i c a l  d e n s i t y  d e t e r m i n a t i o n .  A g r a p h  i s  t h e n  p l o t t e d  
o f  o p t i c a l  d e n s i t y  a g a i n s t  q u a n t i t y  o f  r e a g e n t  a d d e d .  W ith  i n c r e a s e  
i n  t h e  amount  o f  o x i d i s i n g  a g e n t ,  t h e  d e p t h  o f  c o l o u r  o f  t h e  
s o l u t i o n  p r o g r e s s i v e l y  d e c r e a s e s  ( e e r i e  s u l p h a t e  i t s e l f  i s  p a l e  
y e l l o w ) ,  and  t h e  g r a p h ,  w h ich  i s  l i n e a r ,  may b e  r e a d i l y  e x t r a p o l a t e d  
t o  z e r o  o p t i c a l  d e n s i t y .  The i n t e r c e p t  on t h e  x - a x i s  s h o u ld  
c o r r e s p o n d  t o  q u a n t i t a t i v e  o x i d a t i o n  o f  t h e  dye ( P i g .  1 . )
The d e c o m p o s i t i o n  o f  O range  11 b y  e e r i e  s u l p h a t e  i n  p r e s e n c e  
o f  s u l p h u r i c  a c i d  was assumed by  D e s a i  and  G i l e s .  ( J . S . D . G . , 6 5 ,6 3 9  
( 1 9 4 9 )  ) ,  t o  b e  r e p r e s e n t e d  b y  t h e  e q u a t i o n  s
1 9 .
Na OS 










O nly  l e s s  t h a n  h a l f  t h e  az o  d y e s  examined  hav e  "been fo u n d  t o  g i v e  
r e s u l t s  a p p r o x i m a t e l y  c o r r e s p o n d i n g  t o  t h i s  e q u a t i o n ,  a s  shown by  
T a b le  3 ,  w h ic h  su m m ar ise s  t h e  e x p e r i m e n t a l  d a t a  o b t a i n e d  w i t h  a r a n g e  
o f  r e p r e s e n t a t i v e  a z o  d y e s .
I n  a few  c a s e s  t h e  dye i s  p r e c i p i t a t e d  b y  a d d i t i o n  o f  t h e  a c i d  
e e r i e  s u l p h a t e  s o l u t i o n .  (The p r e s e n c e  o f  a c i d  i s  n e c e s s a r y  i n  e e r i e  
s u l p h a t e  o x i d a t i o n  t o  a v o i d  p r e c i p i t a t i o n  o f  b a s i c  s a l t s ) .  V a r i o u s  
means o f  a v o i d i n g  s u c h  p r e c i p i t a t i o n  were  t r i e d ,  e . g .  u s e  o f  e m u l s i ­
f y i n g  a g e n t s  i n  t h e  aq u eo u s  s o l u t i o n s ,  o r  o f  d i o x a n  o r  p y r i d i n e  a s  
s o l v e n t ,  b u t  no e n c o u r a g i n g  r e s u l t s  w ere  o b t a i n e d ,  t h e  o x i d a t i o n  
b e i n g  p r e v e n t e d  i n  s u c h  c i r c u m s t a n c e s .
* S h o r t e r  and H in s h e lw o o d ,  ( J . C . S . , 3276 ( 1 9 5 0 )  ) f i n d  t h a t  o x i d a t i o n
o f  a c e t o n e  b y  e e r i e  s u l p h a t e  i n v o l v e s  t r a n s f e r  o f  e l e c t r o n s  f rom  
t h e  o r g a n i c  compound t o  t h e  o x i d i s i n g  a g e n t .  They s u g g e s t  t h a t  
t h e  e n o l  fo rm  i s  a t t a c k e d  and s u c c e s s i v e l y  h y d r o x y l a t e d .
J o n e s  and S o p e r ,  ( i b i d ;  802 (1 9 3 5 )  ) fo und  t h a t  t h e  a c t i v e
compound i n  a c i d  e e r i e  s u l p h a t e  s o l u t i o n s  i s  H Ce (SO) OH,
w h ic h  i o n i s e s  a s  a n  a c i d .
-  20 -
T a b le  5 .
C e r i c  S u l p h a t e  O x i d a t i o n  o f  Azo D y e s#
C . I .
No. Dye
Oxygen 
r e q u i r e d *  
( m o l . / m o l . d y e )
-  A n i l i n e - '  l - N a p h t h o l - 5 - s u l p h o n i c  a c i d  
o^-Anis id ine-4  R a c i d  . . .  
j n - C h l o r o a n i l i n e - *  R a c i d  
p - C h l o r o a n i  1 i n e -» R a c i d
-  jD - N i t r o a n i l i n e - f c R  a c i d
31 Azo G-eranine 2G-..
57 A m id o n a p h th o l  Red 6B,
(6 4 )  j > - T o l u i d i n e -  R a c i d
119 Eosam ine  B. . . .
126 E r i k a  2GN.. . . .
148 R e s o r c i n e  Y el low
151 O range  11 . . .
170 Diamond B l a c k  PV
176 N a p h t h a l e n e  Red J
182 N a p h t h a l e n e  Red EA
185 N a p h t h a l e n e  S c a r l e t  4R
518 O h l o r a z o l  Sky B lu e  PP
-  Gr com plex  o f  2 - A m i n o - 4 - c h l o r o -
p h e n o l  -  6 -  s u l p h o n i c  a c i d - 4  3 -  
Meth y l - l - p h e n y l - 5 - p y r a  z o lo n e
0.8
1 .0 5  
1.1 
1.1 
0 .8  
1.0 




1 . 5  
1.0
1.1 (?)+  
0.8 
1.0 
1 .2  
0 . 9 5
1.0
C a l c u l a t e d  f rom  t i t a n o u s  c h l o r i d e + Diamond B l a c k  PV 
( g i v e s  a  c u r v e  w i t h  a n  a b r u p t  c h an g e  o f  
a n a l y s i s  d a t a .  ( s l o p e ;  e x t r a p o l a t i o n  o f  t h e  u p p e r  p a r t
_ _ _ _ _ _________________ ( o f  t h e  c u r v e  g i v e s  t h i s  v a l u e .
-  21 -
C o l o r i m e t r i c  D e t e r m i n a t i o n  o f  Azo Dye C o u p l i n g  Components
The improved p r o c e d u r e  d e v i s e d  f o r  t h e  a n a l y s i s  o f  i n t e r m e d i a t e s  
w h ic h  c a n  h e  u s e d  a s  d i a z o  o r  c o u p l i n g  com ponen ts  f o r  a z o  d y e s ,  i s  
h a s e d  on t h e  c o l o r i m e t r i c  method p r e v i o u s l y  d e s c r i b e d  ^ C r o p p e r  and 
Gi l® 8 ( J « S . D . C . , 6 0 ,2 7 9  (1 9 4 4 )  ) f o r  d e t e r m i n i n g  t h e  s t r e n g t h  o f
s o l u t i o n s  o f  t h e  N a p h th o l  AS t y p e .  The new method i s  s i m p l e ,  r a p i d ,
and  l e s s  t e d i o u s  t h a n  t h e  commonly employed d i a z o  t i t r a t i o n
a z x -
p r o c e d u r e , AS a u n d e r s  (The A r o m a t i c  Diazo-Compounds and t h e i r  T e c h n i c a l  
A p p l i c a t i o n s  (London:  Edward A r n o l d  & C o . , 2nd e d i t i o n  1949)  ) and
i t  has  g i v e n  c o n s i s t e n t  r e s u l t s  w i t h  a  number  o f  t y p i c a l  i n t e r m e d i a t e 1 
The method i n v o l v e s  t h e  a d d i t i o n  o f  s u c c e s s i v e l y  i n c r e a s i n g  
q u a n t i t i e s  o f  a  d i a z o t i s e d  s o l u t i o n  t o  a  s e r i e s  o f  e q u a l  a l i q u o t s  o f  
a  s o l u t i o n  o f  a  second  com p o n en t ,  t h e  e n d - p o i n t  o f  t h e  c o u p l i n g  
r e a c t i o n  t h e n  b e i n g  r e a d i l y  d e t e r m i n e d  by  m e a s u r in g  t h e  o p t i c a l  
d e n s i t y  o f  t h e  l i q u i d s ,  p l o t t i n g  t h e  v a l u e s  a g a i n s t  t h e  vo lum es  o f  
d i a z o  s o l u t i o n  a d d e d ,  and n o t i n g  a t  w h ic h  p o i n t  t h e  maximum d e n s i t y  
i s  f i r s t  r e a c h e d .  T a b le  4 shows t h e  r e s u l t s ,  and i n  P i g .  2 a r e  
shown two t y p i c a l  c u r v e s .
T a b le  4 .
C o l o r i m e t r i c  D e t e r m i n a t i o n  o f  Azo Dye C o u p l in g  Com ponents .
Compound Q u a l i t y P u r i t y
(D)
99
{%) *  
t o )
a - N a p h t h o l  . . .  . . .  . . . . . . R e c r y s t .
\ w / 
100 .0
^ . - N a p h th o l  . . .  .................... . . . R e c r y s t . 100 1 0 0 .5
l - A m i n o - 8 - n a p h t h o l - 3 : 6 -d  i -
s u l p h o n i c  a c i d  (H a c i d ) . . . . . . R e c r y s t . 85 8 6 .0
l - A m i n o - 8 - n a p h t h o l - 4 : 6 - d i -
s u l p h o n i c  a c i d  (K a c i d ) . . . . . . R e c r y s t . 63 6 3 .5
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T a b l e  4 . ( c o n t i n u e d * )
Compound
2 - A m i n o - 8 - n a p h t h o l - 6 - s u l p h o n i c  
a c i d  ( y  a c i d ) .................................
2 - F a p h t h o l - 3 : 6 - d i s u l p h o n i c  
a c i d  ( R a c i d ) • • •  ««« .««
2 - N a p h t h o l - 6 : 8 - d i s u l p h o n i c  
a c i d  (C a c i d )  . . .  . . .  . . .
2 - H a p h t h o l - 7 - s u l p h o n i c  a c i d  
( F a c i d ) • • •  • • •  . . .  • • •
j ) - A n i s i d i d e  o f  3 - h y d r o x y - 2 -  
n a p h t h o i c  a c i d . . .
o - T o l u i d i d e  o f  3 - h y d r o x y - 2 -  
n a p h t h o i c  a c i d . . .  . . .
•  •  •  •  •
Q u a l i t y
R e c r y s t .
C rude
c o m m e rc ia l
R e c r y s t .
R e c r y s t .
R e c r y s t .
Commercia l
Commercia l










6 0 . 0
7 2 . 5
9 7 . 5
7 1 . 5
9 7 . 5  
9 6 . 3
(D) D i r e c t  d i a z o  t i t r a t i o n .  
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Vol. of 0 0 011 N . C eric  S u lphate  added , c .c ./5  c.c. dye so ln .
(i) N aph tha lene  Red EAS (0 0 8 2 %  soln .)
(ii) Azo G eran in e  2GS (0 1 0 3 %  soln ,)






0 2 4 6 8 10 12 14
0 001 N . Diazo Soln. (c.c .) added  to  10 c.c. O'OOI N . 
C oupling  C o m p o n en t
(i) R acid
(ii) /J-naphthol
•F ig : S
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DISCUSSION and CONCLUSIONS 
The d i c h r o m a t e  o x i d a t i o n  method d e s c r i b e d  a p p e a r s  t o  h e  s u i t a b l e  i  
f o r  a l l  a z o  d y e s  e x c e p t  t h e  s m a l l  number  w h ic h  c o n t a i n  n e i t h e r  a 
s u l p h o n i c  a c i d  g r o u p  n o r  a h y d ro x y  g ro u p  and a l s o  f o r  some n i t r o g e n  
c o n t a i n i n g  dyes  o f  o t h e r  c l a s s e s ,  e . g .  t h e  t r i p h e n y l m e t h a n e  and 
a n t h r a q u i n o n e  c l a s s e s .  The method i s  s im p le  and  i n  most  c a s e s  more 
r a p i d  t h a n  t h e  t i t a n o u s  s a l t  r e d u c t i o n  m ethod .
The method i s  u n s u i t a b l e  f o r  n i t r o g e n  -  c o n t a i n i n g  i n t e r m e d i a t e s , ;  
b u t  many o f  t h e s e  may be  d e t e r m i n e d  r e a d i l y  b y  t h e  c o l o r i m e t r i c  method 
a l s o  d e s c r i b e d  i n  t h i s  t h e s i s .
The e e r i e  s u l p h a t e  o x i d a t i o n  method i s  t h e  s i m p l e s t  a n a l y t i c a l  
p r o c e d u r e  f o r  a z o  d y e s ,  and i t  c o u l d  b e  u s e d  w here  a l a r g e  number 
o f  r o u t i n e  p u r i t y  d e t e r m i n a t i o n s  a r e  r e q u i r e d .  Many d y e s ,  h o w e v e r ,  
do n o t  r e a c t  i n  s im p le  s t o i c h i o m e t r i c  p r o p o r t i o n  w i t h  t h e  r e a g e n t ,  
and u n l e s s  im provem ents  can  be  e f f e c t e d  b y  f u t u r e  r e s e a r c h ,  i t  w i l l  
b e  n e c e s s a r y  t o  h a v e  p r e v i o u s l y  d e t e r m i n e d  d a t a  a v a i l a b l e  upon t h e  
r e q u i r e d  m o l a r  p r o p o r t i o n  o f  o x i d a n t ,  e . g .  a s  g i v e n  i n  T a b le  3 .
The c o l o r i m e t r i c  method d e s c r i b e d  f o r  a z o  dye  c o u p l i n g  compon­
e n t s  i s  s i m p l e ,  r a p i d ,  and r e l i a b l e ,  and i s  an  improvement  on t h e  
d i a z o  t i t r a t i o n  p r o c e d u r e .  I t  a p p e a r s  t o  be  a p p l i c a b l e  t o  any  
s eco n d  co m p o n e n t ,  and w h i l e  o n l y  compounds o f  t h i s  c l a s s  h a v e  b e e n  
s t u d i e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h i s  method s h o u ld  b e  o f  
e q u a l  v a l u e  i n  d e t e r m i n i n g  b a s e s  i n  t h e  fo rm  o f  t h e i r  d i a z o t i s e d  
s o l u t i o n s .
E r r o r s  Due t o  N i t r o g e n  -  C o n t a i n i n g  I m p u r i t i e s .
The o x i d a t i v e  p r o c e d u r e  i s  n o t  e x p e c t e d  t o  g i v e  r e l i a b l e  
r e s u l t s  w i t h  t h o s e  dyes*  h a v in g  n i t r o g e n  -  c o n t a i n i n g  i m p u r i t i e s ,  
e . g .  u n c o u p le d  d i a z o  compound o r  i t s  d e c o m p o s i t i o n  p r o d u c t s .  The
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p r e s e n c e  o f  s u c h  s u b s t a n c e s  i s  b e l i e v e d  t o  a c c o u n t  f o r  a b n o r m a l l y  
h i g h  n i t r o g e n  y i e l d s  o b t a i n e d  f rom  some l a b o r a t o r y  p r e p a r a t i o n s  o f  
a z o  d y e s  i n  t h e  c r u d e  s t a t e ,  e . g .  some d y e s  p r e p a r e d  f rom  
c h l o r o a n i l i n e s .  A f t e r  r e c r y s t a l l i s a t i o n  t h e  a n a l y s e s  b y  d i c h r o m a t e  
and  t i t a n o u s  c h l o r i d e  were i n  a g r e e m e n t .  T h u s ,  i f  t h e r e  i s  an y  
r e a s o n  t o  s u s p e c t  t h e  p r e s e n c e  o f  i m p u r i t i e s  o f  t h i s  t y p e ,  i t  may 
s t i l l  b e  n e c e s s a r y  t o  a n a l y s e  b y  t i t a n o u s  c h l o r i d e  a s  w e l l  a s  b y  
d i c h r o m a t e .  I f  t h e  two m ethods  a r e  i n  a g r e e m e n t ,  i t  i s  p r o b a b l e  
t h a t  t h e  t r u e  v a l u e  has  b e e n  f o u n d .  I f  t h e y  a r e  n o t ,  n e i t h e r  method 
c a n  b e  e n t i r e l y  r e l i a b l e ,  b e c a u s e  some o f  t h e  i m p u r i t i e s  i n  g u e s t i o n .  
e . g .  d i a z o  compounds,  a l s o  r e a c t  w i t h  t i t a n o u s  s a l t s .  P o s s i b l y  i n  
c e r t a i n  o f  t h e s e  c a s e s  t h e  c e r i c p s u l p h a t e  method c o u l d  b e  u s e d  a s  
a  c h e c k .
E x p e r i m e n t a l  
A p p a r a t u s  f o r  N i t r o g e n  D e t e r m i n a t i o n
The a p p a r a t u s  i s  shown i n  P i g .  3 .  P i s  a 5 0 - c . c .  r o u n d - b o t ­
tomed f l a s k  h e a t e d  by  a Bunsen  b u r n e r ;  G a s m a l l  L i e b i g  c o n d e n s e r  
a p p r o x .  7 i n .  l o n g  o v e r a l l ;  N a 1 . 5 - c . c .  m i c r o n i t r o m e t e r  ( S c h i f f ! s 
p a t t e r n ) ;  and  D i s  a 2 5 0 - o e .  Dewar f l a s k  c o n t a i n i n g  s o l i d  c a r b o n  
d i o x i d e  and f i t t e d  w i t h  a  m e rc u ry  s a f e t y  v a l v e  M. The n i t r o m e t e r  
i s  f i l l e d  w i t h  50% (b y  w e i g h t )  a q u eo u s  p o t a s s i u m  h y d r o x i d e  c o n t a i n ­
in g  b a r i u m  h y d r o x i d e  ( l  g .  p e r  100 g .  o f  p o t a s s i u m  h y d r o x i d e )  t o  
p r e v e n t  f r o t h i n g ,  Gumming, H o p p e r ,  and W heele r  ( S y s t e m a t i c  O r g a n ic  I 
C h e m is t r y  (London:  C o n s t a b l e  & Co. 4 t h  e d i t i o n  1 9 5 0 ) :  P .4 6 5  )
b y  r e m o v in g  t r a c e s  o f  c a r b o n a t e  p a r t i c l e s * .
The l i q u i d  i s  a l l o w e d  t o  s t a n d  s e v e r a l  d a y s  b e f o r e  u s e ,  and t h e
t r a c e s  o f  s o l i d  c a r b o n a t e  w h ic h  have  s e t t l e d  t o  t h e  b o t t o m  a r e  , 






















(i) Lissamine G reen  SF (slow )
(ii) C hlorazol Sky Blue FFS (m ed ium )
(iii) R esorcine Yellow  (fast.)
I'JCi. 4— R aty of Isitrogim  E volution
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The g l a s s  l e a d - i n  t u b e  and t h e  c o n d e n s e r  a r e  c o n n e c t e d  t o  t h e  
r e a c t i o n  f l a s k  P b y  means o f  s t a n d a r d  g r o u n d - g l a s s  j o i n t s ,  J-j_, Jg  
( i n  t h e  p r e s e n t  a p p a r a t u s  t h e s e  a r e  o f  B 7 and  B 10 d e s i g n a t i o n  
r e s p e c t i v e l y ) ;  S3 , S .^ a r e  t h e  g l a s s  s to p c o c k s +  o f  t h e  n i t r o m e t e r ,  Sg 
b e i n g  a t h r e e - w a y  cock  w i t h  one e x i t  t o  t h e  a t m o s p h e r e .  Sg i s  a 
t h r e e - w a y  g l a s s  s to p c o c k * ;  when t h i s  i s  i n  one p o s i t i o n  t h e  f l a s k  
i s  c o n n e c t e d  w i t h  t h e  n i t r o m e t e r ;  when i t  i s  i n  t h e  o t h e r  p o s i t i o n  
t h e  f l a s k  i s  c o n n e c t e d  e i t h e r  t o  t h e  a t m o s p h e r e  o r  t o  a vacuum pump 
t h r o u g h  t h e  s h o r t  g l a s s  s i d e - a r m  Tgj B i s  a b u l b  o f  s u f f i c i e n t  
c a p a c i t y  t o  p r e v e n t  s u c k i n g - b a c k  o f  t h e  l i q u i d  i n t o  D; T-j_ and T3 
a r e  r u b b e r  c o n n e c t i n g  t u b e s .  The c a r b o n  d i o x i d e  s u p p l y  i s  r e g u l a t e d  
b y  a s c r e w - c l i p +  S-^ R i s  a r u b b e r  b u n g .
The m e r c u ry  v a l v e  M i s  o f  t h e  u s u a l  c o n s t r u c t i o n ,  a s  shown,  w i t h  
a f u s e d - i n  s i n t e r e d  g l a s s  d i s c  a t  t h e  b o t t o m ,  h a v i n g  l a y e r s  p l a c e d  
upon  i t  i n  t h e  f o l l o w i n g  o r d e r  -  1 cm. o f  m e r c u r y ,  t h e n  an  a i r  
s p a c e  ( 2-3 c m . ) ,  a p l u g  o f  t i g h t l y  pack ed  c o t t o n  w o o l ,  a l a y e r  o f  
i n t i m a t e l y  mixed c h a r c o a l  and i o d i n e ,  and f i n a l l y  a n o t h e r  p l u g  o f
C.  v,
c o t t o n  w o o l ,ACumming, H o p p e r ,  and  W h e e l e r ,  ( S y s t e m a t i c  O r g a n ic  
C h e m i s t r y  (London:  C o n s t a b l e  & C o . ,  4 t h  e d i t i o n  1 9 5 0 ) :  P. 4 6 8 .  ) .  
T h is  v a l v e  b o t h  r e g u l a t e s  t h e  maximum p r e s s u r e  o f  c a r b o n  d i o x i d e  
(w h ich  may b e  i n c r e a s e d  i f  d e s i r e d  b y  i n c r e a s i n g  t h e  t h i c k n e s s  o f  
t h e  m e rc u ry  l a y e r )  and  p r e v e n t s  t h e  e s c a p e  o f  m e rc u ry  v a p o u r  i n t o  
t h e  a t m o s p h e r e .
To p e r f o r m  an  a n a l y s i s ,  t h e  o r d e r  o f  p r o c e d u r e  i s  a s  f o l l o w s  -
( i ) .  Charge  D w i t h  s o l i d  c a r b o n  d i o x i d e ,  b y  g e n t l y  ramming down t h e
+G-ood r e s u l t s  have  b e e n  o b t a i n e d  w i t h  a c l i p  and s t o p c o c k s  o f  normal  
p a t t e r n ,  b u t  l o n g - h a n d l e d  p r e c i s i o n  s t o p c o c k s  o f  t h e  t y p e  recommen­
ded b y  t h e  A m er ican  S p e c i f i c a t i o n  Committee  ( R o y e r ,  A l b e r ,  H a l l e t ,  .
+ S p i k e s ,  and  Kuck ( I n d .  Eng Chem: A na l  E d ; 1 3 , 5 7 4  (1941)
R o y e r ,  A r b e r ,  H a l l e t , and Kuck ( i b i d ; 1 5 ,476 (1 9 4 3 )  ) would  g i v e  a
more c r i t i c a l  c o n t r o l  o f  g a s  f l o w .
f i n e l y  powdered  m a t e r i a l  u n t i l  t h e  v e s s e l  i s  f i l l e d  t o  c a p a c i t y .
I n s e r t  t h e  b u n g ,  and  a l l o w  e x c e s s  g a s  t o  e s c a p e  t o  t h e  a t m o s p h e r e  
t h r o u g h  t h e  m e rc u ry  v a l v e  f o r  2 h r .  b e f o r e  u s e .  T h i s  e n s u r e s  a n  a i r -  
f r e e  s u p p l y .
( i i )  I n  P p l a c e  5 c . c .  o f  5 N. s u l p h u r i c  a c i d ,  5 c . c .  o f  10% ( w t . /  
v o l . )  p o t a s s i u m  d i c h r o m a t e  s o l u t i o n ,  and a s u i t a b l e  amount o f  dye 
s o l u t i o n  * ( u s u a l l y  2 -10  c . c .  o f  0 .01%  s o l u t i o n )  t o  p r o d u c e  Ga. 1 c . c .  
o f  n i t r o g e n .
( i i i )  Sweep o u t  t h e  a p p a r a t u s  w i t h  c a r b o n  d i o x i d e  u n t i l  f r e e  f rom  
a i r ,  a s  f o l l o w s  -  W ith  t h e  n i t r o m e t e r  r e s e r v o i r  i n  t h e  lo w e re d  p o s i t i o n  
and c l o s e d ,  open Sg t o  t h e  a i r  and  t u r n  Sg t o  c o n n e c t  C w i t h  Sg.
Open S-  ^ f u l l y  and p a s s  a s t e a d y  s t r e a m  o f  g as  f o r  5 m i n . , t h e n  open  S^ 
and r a i s e  t h e  r e s e r v o i r  t o  f i l l  N w i t h  t h e  p o t a s s i u m  h y d r o x i d e  
s o l u t i o n .  C lo s e  S ^ ,  l o w e r  t h e  r e s e r v o i r ,  open S^ t o  N, and p a s s  a  
s lo w  s t r e a m  o f  c a r b o n  d i o x i d e  a g a i n ,  o b s e r v i n g  w h e t h e r  a l l  t h e  a i r  h a s  
b e e n  removed b y  n o t i n g  t h e  s i z e  and v e l o c i t y  o f  t h e  b u b b l e s  r i s i n g  i n  
N.
( i v )  B e g in  o x i d a t i o n  by b o i l i n g  t h e  c o n t e n t s  o f  P ,  a v e r y  s low  s t r e a m  
o f  gas  b e i n g  p a s s e d  t o  p r e v e n t  s u c k i n g - b a c k  o f  t h e  l i q u i d  + .
k N o r m a l ly  i n  w a t e r ,  b u t  g l a c i a l  a c e t i c  a c i d  i s  u s e d  f o r  w a t e r -  
i n s o l u b l e  a z o  d y e s .
I t  i s  a d v i s a b l e  t o  open  Sg t o  t h e  a tm o s p h e r e  f o r  a s h o r t  t im e w h i l e  
t h e  f l a s k  i s  warming u p ,  b u t  t o  c l o s e  i t  b e f o r e  b . p .  i s  a c t u a l l y  
r e a c h e d ,  i n  o r d e r  t o  a l l o w  t h e  e s c a p e  o f  an y  d i s s o l v e d  a i r  i n  t h e  
r e a c t i o n  l i q u i d .
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( v )  When o x i d a t i o n  i s  c o m p l e t e ,  w h ic h  i s  shown b y  t h e  d i m i n u t i o n  i n  
s i z e  o f  t h e  g a s  b u b b l e s  i n  N a l m o s t  t o  v a n i s h i n g  p o i n t ,  i n c r e a s e  t h e  
c a r b o n  d i o x i d e  f l o w  f o r  1 min .  t o  c o m p l e t e  t h e  c o l l e c t i o n  o f  n i t r o g e n ;  
t h e n  remove t h e  b u r n e r ,  c l o s e  S g ,  open  Sg t o  t h e  a t m o s p h e r e ,  and  r e a d  
t h e  volume o f  g a s  i n  N a f t e r  a l l o w i n g  i t  t o  s t a n d  15 min .  t o  c o o l  t o  
room t e m p e r a t u r e .
I t  i s  a d v i s a b l e  t o  p l o t  a r o u g h  c u r v e  sh o w in g  t h e  r a t e  o f  
e v o l u t i o n  o f  n i t r o g e n ,  b y  o b s e r v a t i o n s  o f  t h e  n i t r o m e t e r  r e a d i n g  a t  
i n t e r v a l s  d u r i n g  t h e  e x p e r i m e n t .  The c u r v e  w i l l  r e a d i l y  i n d i c a t e  t h e  
t im e  f o r  w hich  t h e  a n a l y s i s  s h o u ld  b e  c o n t i n u e d .  I n  P i g .  4 a r e  
r e p r o d u c e d  t y p i c a l  c u r v e s  show ing  t h e  r a t e  o f  e v o l u t i o n  o f  n i t r o g e n
from v a r i o u s  d y e s .
P e r i o d  o f  O x i d a t i o n
F o r  s p e c i f y i n g  t h e  l e n g t h  o f  t i m e  r e q u i r e d  t o  c o m p l e t e  t h e  
o x i d a t i o n ,  t h e  s o l u b l e  a z o  d y e s  may b e  d i v i d e d  r o u g h l y  i n t o  t h r e e  
c l a s s e s  -
( a )  Dyes w i t h o u t  a d d i t i o n a l  n i t r o g e n - c o n t a i n i n g  g r o u p s ;  t h e s e  
a r e  o x i d i s e d  i n  10 min.  ( i n  a few c a s e s  even  i n  3 m i n . ) .
( b )  Dyes w i t h  n i t r o g e n - c o n t a i n i n g  g r o u p s  i n  a d d i t i o n  t o  t h e  azo  
g r o u p ;  t h e s e  r e q u i r e  a s l i g h t l y  l o n g e r  t r e a t m e n t ,  b u t  a r e  c o m p l e t e l y  
o x i d i s e d  i n  a b o u t  30 min.  The h i g h e r  t h e  r a t i o  o f  azo  t o  amino 
g r o u p s ,  t h e  more r a p i d  a p p e a r s  t o  b e  t h e  d e c o m p o s i t i o n .
( c )  Dyes which  a r e  p r e c i p i t a t e d  b y  t h e  o x i d i s i n g  s o l u t i o n  and do 
n o t  r e d i s s o l v e  on b o i l i n g .  These  s h o u ld  b e  b o i l e d  f o r  2 h r .  t o  
c o m p l e t e  t h e  o x i d a t i o n .  Only a few  exam p les  o f  t h i s  c l a s s  have  
b e e n  e n c o u n t e r e d ,  e . g .  Congo r e d  and  b e n z o p u r p u r i n .  (Some dyes  a r e  
p r e c i p i t a t e d  i n  t h e  c o l d ,  b u t  r e d i s s o l v e  on b o i l i n g .  These  a r e  
i n c l u d e d  i n  C l a s s  ( b ) . )  The t r i p h e n y l m e t h a n e  and a n t h r a q u i n o n e
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d y es  a p p e a r  t o  decompose s l o w l y  and may r e q u i r e  2 - 3  h r .  f o r  a n a l y s i s *  
The w hole  p r o c e d u r e  o c c u p i e s  a b o u t  30 min .  w i t h  d y e s  i n  G la s s
( a )  and 50 m in .  w i t h  t h o s e  i n  C l a s s  ( b ) .  The e x t e n d e d  p e r i o d  
r e q u i r e d  f o r  G la s s  ( c )  dyes  i s  no g r e a t  i n c o n v e n i e n c e ,  b e c a u s e  t h e  
a p p a r a t u s  c a n  b e  l e f t  w i t h o u t  a t t e n t i o n  d u r i n g  t h e  b o i l i n g  p r o c e s s ,  
p r o v i d e d  t h e  r a t e  o f  f lo w  o f  c a r b o n  d i o x i d e  h a s  b e e n  c o r r e c t l y  
a d j u s t e d  and i s  low. I t  i s  i m p o r t a n t ,  h o w ev er ,  when t e s t i n g  t h e s e  
d y e s ,  t o  e n s u r e  t h a t  t h e  c a r b o n  d i o x i d e  i s  c o m p l e t e l y  f r e e  f ro m  a i r ,  
an d  a  c h e c k  s h o u ld  be  made by  p a s s i n g  t h e  gas  i n t o  t h e  f i l l e d  
n i t r o m e t e r  f o r  15 min .  b e f o r e  s t a r t i n g  t h e  e x p e r i m e n t .  No m e a s u r a b l e  
volume o f  g a s  sh o u ld  c o l l e c t .
Even i f  t h e  gas  s u p p ly  d o e s  c o n t a i n  t r a c e s  o f  i m p u r i t y ,  a f a i r l y  
r e l i a b l e  r e s u l t  c an  som et im es  b e  o b t a i n e d  b y  p l o t t i n g  t h e  r a t e  o f  
g a s  c o l l e c t i o n  and n o t i n g  t h e  p o i n t  a t  w h ic h  t h e  s l o p e  o f  t h e  c u r v e  
f i n a l l y  becomes c o n s t a n t .  T h i s  r e p r e s e n t s  t h e  p o i n t  a t  w h ich  
n i t r o g e n  e v o l u t i o n  f rom  th e  dye  h as  c e a s e d ;  t h e r e a f t e r  t h e  g a s  w h ic h  
c o l l e c t s  a t  a c o n s t a n t  r a t e  i s  i m p u r i t y .
PREPARATION AND STANDARDISATION OP CERIC SULPHITE SOLUTION
C e r i c  s u l p h a t e  i s  v e r y  s t a b l e ,  and no s p e c i a l  p r e c a u t i o n s  a r e  
n e c e s s a r y  f o r  s t o r i n g  i t  i n  s o l u t i o n .  The t e c h n i c a l - q u a l i t y  m a t e r i a l  
may b e  u s e d ;  t h i s  i s  r e a d i l y  s t a n d a r d i s e d  by  means o f  p o t a s s i u m  
d i c h r o m a t e ,  u s i n g  ammonium f e r r o u s  s u l p h a t e  a s  i n t e r m e d i a t e  s t a n d a r d  
w i t h  N - p h e n y l a n t h r a n i l i c  ( d i p h e n y l a m i n e - 2 - c a r b o x y l i c )  a c i d  a s  
i n d i c a t o r # +
Many a t t e m p t s  w ere  made t o  a c c e l e r a t e  n i t r o g e n  e v o l u t i o n  f rom  dyes  
whose d e c o m p o s i t i o n  i s  s lo w ,  e . g .  by  t h e  u s e  o f  i n c r e a s e d  c o n c e n ­
t r a t i o n s  o f  a c i d  a n d / o r  p o t a s s i u m  d i c h r o m a t e ,  o r  t h e  u s e  o f  h i g h  
c o n c e n t r a t i o n s  o f  f e r r i c  c h l o r i d e  a s  an  a d d i t i o n a l  o x i d i s i n g  a g e n t  f 
i n  o r d e r  t o  r a i s e  t h e  b . p .  o f  t h e  r e a c t i o n  m i x t u r e ,  b u t  no s u c c e s s  
was a c h i e v e d .  1
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( e o n t . )
+ W i th  d i c h r o m a t e  a s  t h e  t i t r a n t ,  b e c a u s e  t h e  i n d i c a t o r  i s  e f f e c t i v e  
o n l y  i n  p r e s e n c e  o f  f e r r o u s  i o n s .
The 0 .0 0 1 N .  c e r i c  s u l p h a t e  s o l u t i o n  i s  made s t r o n g l y  ( N . ) a c i d  w i t h  
s u l p h u r i c  a c i d ;  4 mol .  o f  t h e  s a l t  (Ce(S04 ) 2 ) y i e l d  1 m ol .  o f  oxygen .
COLORIMETRIC DETERMINATION OP AZO DYE COUPLING- COMPONENTS 
PURIFICATION Off INTERMEDIATES- The n a p h t h a l e n e s u l p h o n i c  a c i d s  w ere  
p u r i f i e d  b y  p r e c i p i t a t i o n  w i t h  a c i d  f ro m  a l k a l i n e  s o l u t i o n ,  f o l l o w e d  
b y  r e c r y s t a l l i s a t i o n  f ro m  w a t e r ;  i i  - n a p h t h o l  (m .p .  1 2 2 ° C . ) b y  
s u b l i m a t i o n ;  and ^ - n a p h t h o l  ( m .p .  9 4 ° C . )  by  r e c r y s t a l l i s a t i o n  f rom 
a q u e o u s  e t h a n o l .  Some c o u p l i n g  co m p o n en ts  were  u s e d  i n  t h e  o r i g i n a l  
c o m m erc ia l  s t a t e .
S o l u t i o n s  a r e  p r e p a r e d  as  f o l l o w s  -
SULPHANILIC ACID (0 1 .  N . ) -  D i s s o l v e  1 7 .3 2  g .  o f  p u r e  s u l p h a n i l i c  
a c i d  i n  b o i l i n g  w a t e r  (400 c . c . ) ,  a d d i n g  s u f f i c i e n t  sod ium  c a r b o n a t e  
t o  make t h e  s o l u t i o n  s l i g h t l y  a l k a l i n e  ( B r i l l i a n t  Y e l lo w  p a p e r ) ,  
f i l t e r  h o t ,  c o o l ,  d i l u t e  t o  1000 c . c . ,  and s t o r e  i n  t h e  d a r k .
DIAZO SOLUTION ( 0 .0 0 1  N . ) -  Add 2 c . c .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  t o  5 . 0  c . c .  o f  0 . 1  N. s u l p h a n i l i c  a c i d ,  f o l l o w e d  by 5 . 2  c . c .  o f  
0 . 1  N. sod ium  n i t r i t e  s o l u t i o n .  N e u t r a l i s e  t o  Congo r e d  p a p e r  w i t h  
sodium a c e t a t e ,  and d i l u t e  t o  500 c . c .  w i t h  i c e - c o l d  w a t e r .
COUPLING- COMPONENT SOLUTION (O.OOl N. ) -  The s o l u t i o n  
s h o u ld  c o n t a i n  5 g .  o f  sodium h y d r o x i d e  p e r  1000 c . c .  U n s u lp h o n a te d  
n a p h t h o l s  a r e  d i s s o l v e d  i n  b o i l i n g  a q u e o u s  e t h a n o l  c o n t a i n i n g  sodium 
h y d r o x i d e ,  and t h e  s o l u t i o n s  d i l u t e d  w i t h  aq u e o u s  e t h a n o l .
Method o f  T e s t
P i p e t t e  1 0 - c . c .  p o r t i o n s  o f  c o u p l i n g  component  s o l u t i o n  i n t o  a s e r i e s
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o f  g r a d u a t e d  f l a s k s ,  o f  a  c a p a c i t y  ( u s u a l l y  100-500  c . c * )  r e q u i r e d  
t o  g i v e  s o l u t i o n s  h a v in g  o p t i c a l  d e n s i t i e s  s u i t a b l e  f o r  d i r e c t  
r e a d i n g  on a n  a b s o r p t i o m e t e r .  Add s u c c e s s i v e l y  i n c r e a s i n g  q u a n t i t i e s  
o f  d i a z o  s o l u t i o n ,  and  a l l o w  t h e  m i x t u r e s  t o  s t a n d  f o r  30 m i n . , t o  
e n s u r e  c o m p le t e  c o u p l i n g ,  b e f o r e  d i l u t i n g .  Use aq u e o u s  e t h a n o l  f o r  
d i l u t i n g  t h e  s o l u t i o n s  f rom  u n s u l p h o n a t e d  c o u p l i n g  co m p o n e n t s .  A f t e r  
e x a m in in g  t h e  s o l u t i o n s  on t h e  a b s o r p t i o m e t e r ,  r e a d  o f f  t h e  p u r i t y  
o f  t h e  t e s t  sam ple  d i r e c t l y  f ro m  t h e  c u r v e  o f  o p t i c a l  d e n s i t y  a g a i n s t  
yolume o f  d i a z o  s o l u t i o n  a d d e d .  I n  t h e  p r e s e n t  work good r e s u l t s  
have  b e e n  o b t a i n e d  w i t h  b o t h  a o n e - c e l l  (EEL) and a t w o - c e l l  ( S p e k k e r )  
a b s o r p t i o m e t e r *
D i s t i l l e d  w a t e r  and  a n a l y t i c a l - q u a l i t y  r e a g e n t s  w ere  u s e d  i n  t h e  
p r e s e n t  w o r k ,  e x c e p t  where  o t h e r w i s e  s t a t e d .  M i c r o a n a l y s e s  f o r  
n i t r o g e n  w ere  by  Dr .  A.C.  Syme (G lasgow )  and  D rs .  W e i l e r  and S t r a u s s  
( O x f o r d ) .
S e c t io n  2 .
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THE STRUCTURE OF THE METALLIC LAKES OF THE 
BRAZILWOOD AND LOGWOOD DYES.
The logwood and "brazilwood c o l o u r i n g  m a t t e r s  a r e  o f  
no v a l u e  u n l e s s  combined w i t h  a m e t a l l i c  m o rd a n t .  Only  t h e n  do 
t h e y  d e v e l o p  f u l l  c o l o u r  and f a s t n e s s  p r o p e r t i e s .  The r e a c t i o n s  
t h e y  u n d e r g o  i n  t h e  m o r d a n t in g  p r o c e s s e s  have  n o t ,  so f a r  a s  t h e  
a u t h o r  i s  a w a r e ,  been  f u l l y  e l u c i d a t e d  and  a s  t h e y  a r e  o f  b o t h  
t h e o r e t i c a l  and  t e c h n i c a l  i n t e r e s t  and  i m p o r t a n c e ,  an  i n v e s t i g a ­
t i o n  d e s i g n e d  t o  th ro w  some l i g h t  on t h e i r  mechanism was u n d e r t a k e n .  
Lake S t r u c t u r e s :  G e n e r a l  c o n s i d e r a t i o n s .
The v a r i o u s  m o r d a n t in g  m e t a l s  a l l  g i v e  s h a d e s  o f  d u l l  
b l u e  o r  r e d d i s h  b l u e  w i t h  logwood c o l o u r i n g  m a t t e r s  on t h e  
f i b r e ,  d e e p e n i n g  t o  b l a c k  w i t h  a c h a r a c t e r i s t i c  b l u i s h  or  p u r p l i s h  
c a s t  i n  t h e  h e a v i e s t  s h a d e s .  The b r a z i l w o o d  c o l o u r i n g  m a t t e r s  
when m o rd a n te d  a r e  d u l l  p u r p l e  o r  p u r p l e - b r o w n  i n  t o n e .
The d e t e r m i n a t i o n  o f  t h e  c o n s t i t u t i o n  o f  t h e  m a j o r i t y  
o f  t h e  l a k e s  o f  t h e s e  c o l o u r i n g  m a t t e r s  has  p ro v e d  a somewhat 
complex p ro b le m .  T hese  s u b s t a n c e s  a r e  b l a c k ,  am o rp h o u s ,  
i n f u s i b l e ,  v i r t u a l l y  i n s o l u b l e  i n  a l l  s o l v e n t s  and  o f t e n  a p p e a r  
t o  b e  m i x t u r e s .  I n  o r d e r  t o  a r r i v e  a t  a c o n c l u s i o n  r e g a r d i n g  
t h e i r  p r o b a b l e  c o n s t i t u t i o n  one has  t o  r e l y  e n t i r e l y  on e l e m e n t a r y  
a n a l y s e s  and  an  e s t i m a t e  o f  t h e  p r o b a b l e  s e q u e n c e  o f  i n t e r a c t i o n s  
b e t w e e n  t h e  r e a c t i v e  g r o u p s  and m e t a l  a toms c o n c e r n e d ,  b a s e d  on 
a c o n s i d e r a t i o n  o f  t h e i r  known c h e m i c a l  p r o p e r t i e s .  P r o c e e d i n g  on
-  32 -
t h e s e  l i n e s ,  a s e r i e s  o f  p r o b a b l e  c o n s t i t u t i o n a l  f o r m u l a e  h a s  b ee n
drawn up  ( IV  -  X I I I )  which  s a t i s f y  t h e  c r i t e r i a  m e n t io n ed  a n d ,
m o r e o v e r ,  show a g e n e r a l  c o n s i s t e n c y  o f  p a t t e r n  t h r o u g h o u t .
I n  o r d e r  t o  a v o id  u n n e c e s s a r y  c o m p l e x i t y ,  t h e  p r o p o s e d
f o r m u l a e  ( IV -  X I I I )  a r e  g i v e n  i n  a s i m p l i f i e d  fo rm ,  i n  w h ich
aq = H 0 ; bn  -  t h e  m o n a v a le n t  b r a z i l e i n  i o n  o r  r a d i c a l ;  b n  = t h e  
2
d i v a l e n t  b r a z i l e i n  r a d i c a l  ; hn -  t h e  m o n av a le n t  h a e m a t e i n  i o n  o r  
r a d i c a l  ; and hn = t h e  t r i v a l e n t  h a e m a t e i n  r a d i c a l .
N a t u r e  o f  t h e  R e a c t i v e  Groups c o n c e r n e d  i n  Lake F orm at  i o n .
The o x i d i s e d  f o rm s ,  b r a z i l e i n  and h a e m a t e i n ,  r a t h e r  t h a n  
t h e  l eu co -co m p o u n d s  a p p e a r  t o  b e  t h e  l a k e - f o r m i n g  a g e n t s .  Lakes  
c a n  b e  fo rm ed f rom  t h e  l a t t e r ,  b u t  t h e  r e a c t i o n s  a l m o s t  c e r t a i n l y  
i n v o l v e  p r i o r  o x i d a t i o n  o f  t h e  l euco-com pound  b y  a i r  a n d / o r  t h e  m e t a l  
s a l t  u s e d .  The r e l a t i v e  l a k e - f o r m i n g  t e n d e n c i e s  o f  h a e m a t o x y l i n  and 
h a e m a t e i n  ca n  be  d e m o n s t r a t e d  i n  a r a t h e r  s t r i k i n g  way by b o i l i n g ,  i n  
an  open b e a k e r  an  aqueous  s o l u t i o n  o f  t h e  f o r m e r  c o n t a i n i n g  some 
a lu m in iu m  c h l o r i d e  and a l i t t l e  sodium h y d r o s u l p h i t e  t o  e n s u r e  
a b s e n c e  o f  oxygen .  A f t e r  a t im e  th e  c l e a r  c o l o u r l e s s  s o l u t i o n  
becomes t u r b i d ,  owing to  t h e  f o r m a t i o n  o f  a w h i t e  p r e c i p i t a t e  o f  
s u l p h u r ,  and i n s t a n t l y  a f t e r w a r d s  i t  becomes d e e p  p u r p l e .  P u r p l e  
i s  t h e  c o l o u r  o f  t h e  a lum in ium  l a k e ,  which  c l e a r l y  c a n n o t  b e  formed 
u n t i l  a l l  t h e  r e d u c i n g  a g e n t  has  b e e n  d e s t r o y e d  b y  a i r  and t h e  
h a e m a t o x y l i n  has t h u s  b e e n  l e f t  f r e e  t o  b e  a i r  o x i d i s e d  t o  h a e m a t e i n .
F u r t h e r ,  t h e  a n i o n s  o f  t h e  c o l o u r i n g  m a t t e r s ,  r a t h e r  t h a n  
t h e  n e u t r a l  m o l e c u l e s ,  must be  t h e  r e a c t i v e  s p e c i e s ,  b e c a u s e  l a k e  
f o r m a t i o n  i s  p rom oted  by  a l k a l i n e  c o n d i t i o n s  and r e t a r d e d  i n  a c i d
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s o l u t i o n s .  The r e t a r d a t i o n  i n  a c i d  must  b e  due t o  c o m p e t i t i o n  f o r  
t h e  c o l o u r  a n i o n  b e tw een  t h e  m e t a l  c a t i o n  and t h e  h y d ro g e n  i o n  o f  
t h e  a c i d .  M o re o v e r ,  in  a q u e o u s  s o l u t i o n ,  a l l  t h e  6 - c o v a l e n t  m e t a l s  
examined fo rm  2 : l - ( d y e : m e t a l )  c o m p lex es  ( x ) b u t  i n  o r g a n i c  s o l v e n t s ,  
e . g .  e t h a n o l ,  i n  w h i c h ,  o f  c o u r s e ,  t h e  d e g r e e  of  i o n i s a t i o n  w i l l  b e  
l e s s  t h a n  i n  w a t e r ,  t h e  r e a c t i o n  a p p e a r s  t o  b e  r e t a r d e d ,  so  t h a t  
m a in ly  1 : 1  com p lex es  a r e  fo rm ed .
Each  c o l o u r i n g  m a t t e r  m o l e c u l e  must  t h e r e f o r e  fo rm  a 
c h e l a t e  r i n g  w i t h  a m e ta l  a tom  t h u s : -  ^
M
A A 0 /
I t  i s ,  f u r t h e r ,  n e c e s s a r y  t o  c o n s i d e r  t h e  p o s s i b l e  
r e a c t i v i t y  o f  t h e  a d d i t i o n a l  p h e n o l i c  g r o u p s  i n  t h e  m o l e c u l e ( + )  
e s p e c i a l l y  s i n c e  H aem ate in  h a s  a p a i r  o f  o - p h e n o l i c  g r o u p s  w h ich  
m ig h t  a c t  a s  an  a d d i t i o n a l  c h e l a t i n g  c e n t r e .  Morgan and S m ith  
( J .  Chem. S o c .  T r a n s . ,  1 1 9 , 7 0 4 ,  (1 9 2 1 )*  1 2 1 ,  160 ( 1 9 2 2 ) ;  1 2 5 ,  1731 
( 1 9 2 4 ) )  found  t h a t  when two p o t e n t i a l  c h e l a t i n g  c e n t r e s  a r e  p r e s e n t  
i n  a n  a n t h r a q u i n o n e  dye m o l e c u l e ,  o n ly  one fo rm s  a t r u e  c h e l a t e  r i n g  
when t r e a t e d  w i t h  a co b a l tam m in e  s a l t ,  t h e  o t h e r  b e i n g  p a r t i a l l y
( x ) C o p p e r ,  t h e  o n l y  4 - c o v a l e n t  m e t a l  ex am in ed ,  a p p e a r s  t o  fo rm  
1 : 1 - c o m p le x e s  i n  w a t e r .
(+ )T h e  a l c o h o l i c  g roup  w i l l  p r o b a b l y  n o t  r e a c t  w i t h  m e t a l s .  The 
s h a d e  o f  t h e  chromium l a k e s  i s  n o t  s i g n i f i c a n t l y  a f f e c t e d  when 
t h i s  g ro u p  i s  a l k y l a t e d  ( D u f f ) .
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r e a c t i v e ,  f o r m i n g  a s a l t  l i n k a g e .  W e in la n d  and  D o t t i n g e r  ( Z. a n o r g .
Chem, , 1 0 2 , 223 ( 1 9 1 8 ) ;  W e in la n d  and W a l t e r ,  i b i d . , 1 2 6 , 141 (1923)
( S h u t t l e w o r t h ,  J .  Soc .  L e a t h e r  T r a d e s  C h e m i s t s , 3 2 ,  116 ( 1 9 4 8 ) ) ,  b y
t r e a t i n g  a l k a l i n e  c a t e c h o l  s o l u t i o n s  w i t h  m e t a l  s a l t s ,  o b t a i n e d
+
c h e l a t e  compounds o f  t h e  t y p e  M(C H 0 ) K , w h e re  M = Co” o r  Cu"
+ 6 4 2 2 2 +
a n d  o f  t h e  t y p e  M(C H O )  K w h e re  M = C r H , an d  S h u t t l e w o r t h ,
6 4 2 3
exam ined  t h e  r e a c t i v i t y  o f  p h e n o l  i t s e l f  an d  s e v e r a l  d i - a n d  t r i h y d r i c  
p h e n o l s  w i t h  a b a s i c  c h r o m ic  s u l p h a t e .  O n ly  t h o s e  h a v i n g  two 
p h e n o l i c  g r o u p s  i n  t h e  o - p o s i t i o n  fo rm ed  c o m p le x e s  w i t h  t h e  s a l t .  
T h e ^ r e s u l t s , d i s c u s s e d  b e l o w ,  a r e  c o n s i s t e n t  w i t h  some c o m b i n a t i o n  
o f  p h e n o l i c  g r o u p s  i n  h a e m a t e i n  and  b r a z i l e i n  w i t h  c o p p e r  and  p e r h a p s  
w i t h  chromium in  one i n s t a n c e ,  b u t  n o t  w i t h  i r o n .
A more d e t a i l e d  d i s c u s s i o n  o f  t h e  p r o p o s e d  c o n s t i t u t i o n s  o f  
t h e  p r e s e n t  s e r i e s  o f  l a k e s  now f o l l o w s .
W a t e r - s o l u b l e  H a e m a te in  L a k e s .
T h e se  a r e  fo rm ed when d i l u t e  ( 0 . 1 $ )  a q u e o u s  s o l u t i o n s  o f  
t h e  c o l o u r i n g  m a t t e r  a r e  b o i l e d  w i t h  a lu m in iu m  c h l o r i d e ,  o r  w i t h  
p o t a s s i u m  c h r o m a t e  o r  d i c h r o m a t e .  A p u r p l e  c a t i o n i c  and a  b l u e  
a n i o n i c  c o m p le x  a r e  o b t a i n e d  r e s p e c t i v e l y .  By p l o t t i n g  t h e  o p t i c a l  
d e n s i t y  o f  t h e  p e a k  a b s o r p t i o n  w a v e l e n g t h  o f  a  s e r i e s  o f  s o l u t i o n s  
e a c h  c o n t a i n i n g  t h e  same amount  o f  c o l o u r i n g  m a t t e r ,  b u t  i n c r e a s i n g  
q u a n t i t i e s  o f  t h e  m e t a l  s a l t ,  c u r v e s  a r e  o b t a i n e d  ( F i g .  5)  f ro m  w h ic h  
t h e  r a t i o ,  d y e : m e t a l ,  i n  e a c h  t y p e  o f  co m p lex  c a n  b e  r e a d  o f f .
I f  t h e  r a t i o s  so  o b t a i n e d  a r e  exam ined  ( s e e  T a b l e  5)  i t  i s  
s e e n  t h a t  t h e y  t e n d  t o w a r d s  2 : 1  ( d y e : m e t a l )  i n  e v e r y  c a s e .
D i s t u r b i n g  f a c t o r s  m u s t ,  h o w e v e r ,  b e  a f f e c t i n g  t h e  f o r m a t i o n  o f  t h e s e
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c o m p lex es  b e c a u s e  none o f  t h e  r a t i o s  i s  a s i m p l e  i n t e g e r .  T h is  c a n  
h e  a c c o u n t e d  f o r  as  f o l l o w s .  The c h ro m a te  o r  d i c h r o m a t e  i o n  must  
f i r s t  h e  r e d u c e d  to the  ch ro m ic  s a l t  s t a t e ,  and  t h i s  means t h a t  
some c o l o u r i n g  m a t t e r  must h e  o x i d i s e d  an d  d e s t r o y e d  (x)  b e f o r e  
th e  r e m a i n d e r  c a n  e n t e r  i n t o  com plex  f o r m a t i o n .  The e f f e c t  w i l l  
h e  to  i n c r e a s e  t h e  a p p a r e n t  d y e :m e t a l  r a t i o .  T h i s  i s ,  i n  f a c t ,  
s e e n  i n  t h r e e  o f  th e  l a k e s  l i s t e d  i n  T a b le  5. The s m a l l  i n c r e a s e  
i s  i n d i c a t i v e  o f  a v e r y  c o m p le t e  d e s t r u c t i o n  o f  a p r o p o r t i o n  o f  
t h e  h a e m a t o x y l i n  o r  h a e m a t e i n  c o n c e r n e d .  The o t h e r  t h r e e  l a k e s ,  
ho w ev e r ,  g i v e  r a t i o s  a p p r e c i a b l y  l e s s  t h a n  th e  t h e o r e t i c a l -  These  
t h r e e ,  a l l  chromium l a k e s ,  a r e  obse rved ,  to be  fo rm ed  l e s s  r e a d i l y  
i n  th e  b o i l i n g  s o l u t i o n s  t h a n  t h a t  f ro m  h a e m a t o x y l i n  and  chroma t e ,  
and th e  low r a t i o  c a n  b e  a c c o u n t e d  f o r  b y  t h e  p r e s e n c e  o f  a 
p r o p o r t i o n  o f  a p u r p l e  chromium l a k e ,  w h ich  ca n  b e  d e t e c t e d  b o t h  
b y  c h r o m a t o g r a p h i c  and s p e c t r o g r a p h i c  a n a l y s i s  (See  p i g . 6, c u r v e  
b ) ,  an d  w h ich  i s  b e l i e v e d  to  b e  a c a t i o n i c  l : l - c o m p l e x  fo rm e d  
a s  a  f i r s t  s t a g e  i n  the  p r o d u c t i o n  o f  t h e  2 : 1 -com plex .  These  
c o m p le x e s  a r e  f o r m u l a t e d  as  t h e y  e x i s t  i n  t h e  d i l u t e  s o l u t i o n s ,  
a s  f o l l o w s
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(x )  T h i s  a p p l i e s  b o t h  to  h a e m a t e i n  and  h a e m a t o x y l i n .  Pven t h e  
o x i d a t i o n  o f  two mols.  o f  th e  l a t t e r  i s  i n s u f f i c i e n t  to  r e d u c e  one 
mol.  KgCr04 o r  i  mol. K ^ C r ^  to  t h e  0 r 5f S t a t e .
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TABLE 5
A n a l y t i c a l  R a t i o s  o f  W a t e r - s o l u b l e  
Logwood L a k e s .
C o l o u r i n g
M a t t e r
( a )
M e ta l
S a l t .
M e ta l  a to m s :  
2 m o l s . ( a )  
(S ee  P i g .  5)
Complex R a t i o .
M o l s . ( a ) :
1 m e t a l  a tom .
•
H ae m a to x y l in A lC lg 0 . 9 7 5 2 . 0 5
K80 r 0 4 0 . 9 7 5 2 . 0 5
KgCr20 7 1 .2 5 0 1 .6 0
H a em a te in A1C13 0 . 9 7 5 2 . 0 5
K2Cr04 1 .2 5 0 1 .6 0
KgCr20 7 1 .0 2 5 1 . 9 5
The l a k e s  f rom o t h e r  m e t a l s  o r f rom  b r a z i l i n  and  b r a z i l e i n
were found t o  b e  t o o  u n s t a b l e  i n  w a t e r  t o  b e  examined by t h e  c o l o r ­
i m e t r i c  m e thod .  I n  most c a s e s  t h e y  t e n d  t o  p r e c i p i t a t e  w h o l l y  or  
p a r t i a l l y  a s  soon  a s  formed and t h e  u s e  o f  o r g a n i c  s o l v e n t s  o r  d i s ­
p e r s i n g  a g e n t s  d id  n o t  p r e v e n t  t h i s .
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W a t e r - i n s o l u b i l i s a t i o n  P r o c e s s e s .
The l a k e s  once p r e p a r e d  i n  s u b s t a n c e  and  d r i e d ,  have  become 
v i r t u a l l y  i n s o l u b l e  i n  a l l  s o l v e n t s ,  e x c e p t  b y  d e s t r u c t i o n  i n  c o n c e n ­
t r a t e d  m i n e r a l  a c i d s  and a l k a l i e s .  T h e i r  i n s o l u b i l i s a t i o n  i s  
a t t r i b u t e d  t o  t h e  o p e r a t i o n  o f  one o r  more o f  t h r e e  p r o c e s s e s :
( a )  t h e  f o r m a t i o n  o f  n e u t r a l ,  u n i o n i s e d  c o m p le x e s .  S im ple  n e u t r a l  
com plexes  a r e  a n  i n t e r m e d i a t e  s t a g e  b e tw e e n  t h e  c a t i o n i c  and a n i o n i c  
fo rm s  and a r e  l i k e l y  t o  be l e s s  s o l u b l e  t h a n  e i t h e r  o f  t h e s e .  The 
a n a l y t i c a l  d a t a  s u p p o r t  t h e  a s s u m p t i o n  t h a t  t h e y  o c c u r  i n  some o f  t h e  
m a t e r i a l s  p r e p a r e d *
(b )  t h e  f o r m a t i o n  o f  complex s a l t s  b e tw e e n  c a t i o n i c  l a k e s  and  a n i o n s  
o f  c o l o u r i n g  m a t t e r ,  and ( c )  no l a t  i o n ” when t h e  d i l u t e  s o l u t i o n s  o f  
t h e  w a t e r - s o l u b l e  b l u e  ch rom ic  l a k e  a r e  e v a p o r a t e d  t o  d r y n e s s  t h e  
l a k e  c a n n o t  be  r e d i s s o l v e d  i n  w a t e r .  I t  i s  a l s o  n o t i c e d  t h a t  t h e  
same w a t e r - s o l u b l e  b l u e  l a k e  f l o c c u l a t e s  o u t  o f  s o l u t i o n  in  t h e  c o l d  
on s t a n d i n g  s e v e r a l  d a y s .  These  f a c t s  p o i n t  t o  t h e  o p e r a t i o n  o f  t h e  
fo rm  o f  c o n d e n s a t i o n  p o l y m e r i s a t i o n  known a s  ,fo l a t i o n H, w h ich  t a k e s  
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I f  t h i s  o c c u r s  when t h e  l a k e  s o l u t i o n s  a r e  c o n c e n t r a t e d  and e v a p o r ­
a t e d  t o  d r y n e s s  i t  c o u ld  a c c o u n t  f o r  t h e  i n s o l u b i l i t y  o f  t h e  f i n a l  
p r o d u c t s  o f  r e a c t i o n  o f  t h e  c o l o u r i n g  m a t t e r s  w i t h  c h r o m a t e ,  
d i c h r o m a t e ,  an d  i r o n  s a l t s ,  a s  d i s c u s s e d  b e lo w .
-  38 -
W ater c o n t e n t .
The l a k e s  were n o t  i n t e n s i v e l y  d r i e d  and  i t  has  "been 
assum ed  t h a t  t h e r e f o r e  one w a t e r  m o l e c u l e  w i l l  r e m a in  b o u n d ,  b y  a 
h y d ro g e n  b o n d ,  t o  ea ch  f r e e  p h e n o l i c  g r o u p  i n  t h e  m o l e c u l e s . ( x )  
The a n a l y t i c a l  d a t a  a r e  q u i t e  c o n s i s t e n t  w i t h  t h i s  a s s u m p t i o n .
The a c t u a l  p r o d u c t s  o b t a i n e d  w i l l  now b e
d i s c u s s e d .
L akes  f ro m  Chromic S a l t s .
Deep p u r p l e  s o l u t i o n s  a r e  o b t a i n e d  when ch ro m ic  s a l t s  and 
b r a z i l e i n  o r  h a e m a t e i n  a r e  b o i l e d  i n  a l c o h o l i c  o r  " C e l l o s o l v e * 1 
s o l u t i o n s .  These  a r e  c o n s i d e r e d  t o  b e  1 : 1 - c o m p l e x e s , f o r  t h e
f o l l o w i n g  r e a s o n s : -
( i )  The c o l o r i m e t r i c  a n a l y s i s  o f  e-t h a n o -l - s o l u t i o n s  ( F i g . 5) g i v e s  
e v i d e n c e  o f  a 1 : 1 - c o m p le x , (uuci < *•' )•
( i i )  The 2 : 1 -co m p le x  i s  b l u e .  I t  would be  e x p e c t e d  t h a t  t h e  s m a l l e r  
m o le c u le  o f  t h e  1 : 1 -com plex  would  have a l e s s  d e e p  ( i . e .  a r e d d e r )  
s h a d e .
( i i i )  The u s e  o f  o r g a n i c  s o l v e n t s  w i l l  r e d u c e  i o n i s a t i o n  and d e c r e a s e  
t h e  v e l o c i t y  o f  r e a c t i o n  b e tw ee n  m e t a l  s a l t  and  c o l o u r i n g  m a t t e r ,  
t h u s  f a v o u r i n g  t h e  p r o d u c t i o n  o f  o n ly  t h e  s m a l l e r  c o m p l e x e s ,  w h ich  
must  o f  c o u r s e  r e p r e s e n t  an  e a r l y  s t a g e  i n  t h e  f o r m a t i o n  o f  t h e  2 : 1 -  
c o m p lex .
( x )T h e  r a t i o  o f  c o m b i n a t i o n  b e tw e e n  a w a t e r  m o l e c u l e  and a p h e n o l i c  
g r o u p  in  n o n -aq u e o u s  s o l u t i o n  i s  1 :1  ( A r s h i d , G i l e s ,  McLure,  
O g i l v i e  and R o s e ,  t o  be  p u b l i s h e d ) .
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( i v )  The a q u eo u s  s o l u t i o n s  o f  t h e  "blue chromium l a k e s  i n  t h e  e a r l y  
s t a g e s  o f  " b o i l i n g  c o n t a i n  some p u r p l e  co m p o n en t ,  and t h e  c o l o r i ­
m e t r i c  d a t a  d e m o n s t r a t e  t h a t  some component  w i t h  a l o w e r  r a t i o  t h a n  
2 : 1  must be p r e s e n t .
( v )  A p u r p l e  l a k e  a p p e a r s  t o  b e  fo rm ed a t  a n  e a r l y  s t a g e  i n  t h e  
r e a c t i o n  b e tw e e n  h a e m a te in  and p o t a s s i u m  d i c h r o m a t e  on w o o l ,  b e c a u s e  
p a t t e r n s  m ordan ted  w i t h  t h i s  s a l t  and dyed f o r  s h o r t  p e r i o d s  ( c a .
60 s e c . ) ,  o r  a t  a low t e m p e r a t u r e ,  w i t h  h a e m a t e i n ,  assume a p u r p l i s h  
c o l o u r ,  q u i t e  u n l i k e  t h e  no rm a l  b l u e  o f  m orda n te d  h a e m a t e i n  a t  low 
s h a d e  d e p t h s .  (See  P i g .  7 w hich  i s  d i s c u s s e d  more f u l l y  b e l o w ) .
A l l  t h e s e  f a c t s  s u p p o r t  t h e  a s s u m p t i o n  t h a t  a p u r p l e  
1 : 1 - c o m p le x  i s  an  i n t e r m e d i a t e  s t a g e  i n  t h e  r e a c t i o n  b e tw e e n  
h a e m a t e i n  and  m e ta l  s a l t  w h ich  u l t i m a t e l y  l e a d s  t o  t h e  f o r m a t i o n  
o f  t h e  b l u e  2 : 1 - l a k e .  The a n a l y t i c a l  d a t a  a r e  a l s o  c o n s i s t e n t  
w i t h  t h e  p u r p l e  compounds b e i n g  m i x t u r e s  o f  1 : 1 - c o m p l e x e s , t h e  
c a t i o n i c  l a k e s  b e i n g  a s s o c i a t e d  w i t h  u nchanged  h a e m a t e i n  a n i o n s .
La k e s  i n  S u b s t a n c e  f rom Chromic S a l t s .
I f  e x c e s s  o f  c o l o u r i n g  m a t t e r  i s  p r e s e n t  f rom  t h e  s t a r t ,  
a s  i t  has  b e e n  i n  th e  p r e s e n t  p r e p a r a t i o n s  u s i n g  ch rom ic  c h l o r i d e ,  
e t c . , a n y  c a t i o n i c  l a k e  formed w i l l  b e  ac co m p an ied  i n  t h e  s o l u t i o n  
by g e g e n i o n s  o f  i n o r g a n i c  and o r g a n i c  ( i . e .  c o l o u r i n g  m a t t e r )  a n i o n s .  
The s a l t  formed w i t h  t h e  l a t t e r  w i l l  be  l e s s  s o l u b l e  t h a n  t h a t  
fo rm ed w i t h  t h e  i n o r g a n i c  a n i o n ,  so  t h a t  i n  t h e  p r o lo n g e d  e x t r a c t i o n  
p r o c e s s  f o l l o w i n g  t h e  e v a p o r a t i o n  o f  t h e  o r i g i n a l  s o l u t i o n  i t  w i l l  
r e m a i n  and t h e  o t h e r  be  washed away. Even i f  e x c e s s  of  c o l o u r i n g  
m a t t e r  i s  n o t  u s e d ,  a c o n s i d e r a t i o n  o f  t h e  t y p i c a l  e q u i l i b r i a : -
40
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w i l l  show t h a t  a s  t h e  r e a c t i o n  m i x t u r e  i s  c o n c e n t r a t e d  t h e  
e q u i l i b r i a  w i l l  t e n d  t o  move b a c k  t o w a r d s  t h e  i n i t i a l  s t a t e ,  i . e . ,  
more h a e m a t e i n  a n i o n  w i l l  be  f o rm e d ,  l e a d i n g  t o  t h e  p r e c i p i t a t i o n  
o f  more o f  i t s  s a l t  w i t h  t h e  c a t i o n i c  l a k e .  I n  any  c a s e ,  such  
com plex  s a l t s  c o u l d  be e x p e c t e d  t o  b e  p r e s e n t  i n  t h e  f i n a l  p r o d u c t ,  
a s  i n d e e d ,  t h e y  do a p p e a r  t o  b e .  T h u s ,  t h e  s u b s t a n c e s  o b t a i n e d  
f rom  h a e m a t e i n  and b r a z i l e i n  by  r e a c t i o n  w i t h  n o rm a l  ( h e x a q u o - )  
c h ro m ic  c h l o r i d e  (Or a q g y C l g ) ,  o r  ch ro m ic  f l u o r i d e ,  have  a n a l y s e s  
and p r o p e r t i e s  c o n s i s t e n t  w i t h  c o m p o s i t i o n s  o f  c a t i o n i c  l a k e s  
c o r r e s p o n d i n g  t o  30 p a r t s  o f  IVa and 70 p a r t s  o f  IV b , and 67 p a r t s  
o f  Ya and  33 p a r t s  o f  Vb r e s p e c t i v e l y .  When a s a l t  i n  w hich  some 
c h l o r i n e  i s  i n  t h e  i n n e r  complex  i s  employed (Or Clg  a q ^ C l ) ,  t h e  
c h l o r i n e  i s  r e t a i n e d  by t h e  m e t a l  and i s  found i n  t h e  l a k e .  The 
a n a l y s e s  s u g g e s t  t h e  p r e s e n c e  o f  some c a t i o n i c  and  some n e u t r a l  
n o n - i o n i c  l a k e ,  and t h e  p r o p e r t i e s  and a n a l y s e s  o f  t h e  p r o d u c t s  a r e  
c o n s i s t e n t  w i t h  m i x t u r e s  of  70 p a r t s  ( V ia )  w i t h  30 p a r t s  (V Ib )  f o r  
t h e  h a e m a t e i n  d e r i v a t i v e  and 25 p a r t s  V i l a  w i t h  75 p a r t s  V I l b  f o r  
t h e  b r a z i l e i n  d e r i v a t i v e ,  th o u g h  i t  may w e l l  be  t h a t  more com plex  
m i x t u r e s  t h a n  t h e s e  a r e  a c t u a l l y  p r e s e n t ,  and t h e  a c t u a l  c o m p o s i t i o n s  
o b t a i n e d  must b e  d e p e n d e n t ,  amongst  o t h e r  c o n d i t i o n s ,  upon t h e  
p h y s i c a l  s t a t e  o f  t h e  r e a c t a n t s ,  w h ich  a t  l e a s t  i n  t h e  c a s e  o f
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b r a z i l e i n ,  ape  n o t  w h o l ly  I n  s o l u t i o n  a t  th e  s t a r t  o f  th e  r e a c t i o n .  
I n s o l u b l e  Lakes, f rom  chroma t e  an d  D ic h r n r a a t e ,
I t  h a s  a l r e a d y  b e e n  n o t e d  t h a t  i n  th e  f i r s t  s t a g e s  o f  
t h e i r  f o r m a t i o n ,  i n  d i l u t e  aq u eo u s  s o l u t i o n . ,  th e  l a k e s  fo rm ed  f ro m  
p o t a s s i u m  c h ro m a te  o r  d i c h r o m a t e  c o n s i s t  o f  2 t l - c o m o l e x e s  w i t h  
some l j l - c o m p l e x e s  i n  a d m ix tu re -  The i n s o l u b i l i s a t i o n  w h ich  
a c c o m p a n ie s  d r y i n g  i s  as sum ed  to be  due to  o l a t i o n  an d  th e  a n a l y s e s  
c o r r e s p o n d  to  a  p r o d u c t  c o n s i s t i n g  o f  a b o u t  e q u a l  p a r t s  o f  th e  
o l a t e d  a n i o n i c  l a k e  ( V U I b )  and  th e  u n o l a t e d  com plex  ( V i l l a ) .
The p r e s e n c e  o f  chrom ic  c a t i o n s  ( a s  i n  V U I b )  c a n  i n  f a c t  be  
d e m o n s t r a t e d  b y  th e  d e t e c t i o n  o f  chromium i n  d i l u t e  h y d r o c h l o r i c  
a c i d  w h ich  h a s  b e e n  s h a k e n  up w i t h  th e  s o l i d  l a k e ,  i n  the  c o l d .
The s u b s t a n c e  i s ,  i n  f a c t ,  a f o rm  o f  i o n - e x c h a n g e  r e s i n *
I t  i s  known t h a t  o l a t i o n  o f  i n o r g a n i c  chromium s a l t s  c a n  
p r o c e e d  f u r t h e r  t h a n  th e  c o n d e n s a t i o n  o f  two b a s i c  chrome 
c o m p le x e s ,  and h i g h e r  p o ly m e rs  c a n  b e  fo rm ed .
The l a k e  p r e p a r e d  f ro m  hexamminochromic  n i t r a t e  an d  
h a e m a t e i n  i n  w a t e r  a p p e a r s  to  have  th e  same c o m p o s i t i o n  a s  t h a t  
made f r o m  d i c h r o m a t e .  A l l  t h e  ammonia m o l e c u l e s  a s s o c i a t e d  w i t h  
t h e  chromium a tom  a r e  t h u s  r e p l a c e d  e i t h e r  b y  h a e m a t e i n  o r  
h y d r o x y l  i o n s  (x ) .
(x )  T h i s  conform s  w i t h  th e  f a c t  ( M a r t e l l  and q a l v i n ,  C h e m i s t r y  n f  
t h e  M e ta l  c h e l a t e  compounds (liew Y ork :  P r e n t i c e - H a l l ,  I n c . ,  1 9 5 2 ) ;
t h a t  n e u t r a l  n i t r o g e n  and n e g a t i v e  oxygen  h av e  a b o u t  e q u a l  
c o - o r d i n a t i n g  a f f i n i t y  f o r  m e t a l s ,  so  t h a t ,  e . g . ,  a c o - o r d i n a t e d  
ammonia m o l e c u l e  would n o t  b e  r e p l a c e d  b y  w a t e r  m o l e c u l e ,  b u t  
m ig h t  b e  r e p l a c e d  b y  h y d r o x y l  i o n  o r  h a e m a t e i n  a n io n ,
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Lakes  from, Co-oner B u l n h a t e .
These  a r e  r e a d i l y  fo rm ed  a s  d a r k  b l u e  o r  v i o l e t  
p r e c i p i t a t e s  b y  a d d i t i o n  o f  t h e  m e t a l  s a l t  to  s o l u t i o n s  o f  h a e m a t e i n  
o r  b r a z i l e i n ,  r e s p e c t i v e l y .  They a r e  p r o b a b l y  1 : 1 -c o m p le x e s  
o f  4 - c o v a l e n t  c o p p e r  (a p o s s i b l e  f o r m u l a  f o r  th e  h a e m a t e i n  l a k e  
i s  shown a t  x )  and  may c o n t a i n  some c u p r o u s  i o n  s t a b i l i s e d  b y  
c h e l a t i o n ,  b u t  no f o r m u l a t i o n  c o u l d  b e  f o u n d  c o r r e s p o n d i n g  to  th e  
e l e m e n t a r y  a n a ly s e s *
Lakes  f r o m  ^ r r l c  Ammonium Alum.
The c o m p o s i t i o n  o f  th e  h a e m a t e i n  l a k e  a p p e a r s  to b e  v e r y  
s i m i l a r  to  t h e  p r o d u c t s  f ro m  p o t a s s i u m  d i c h r o m a t e ,  i . e . ,  i t  i s  an  
o l a t e d  a n i o n i c  2 : 1 -co m p lex  (XIa)  a s s o c i a t e d  w i t h  t h e  c o r r e s p o n d i n g  
u n d a t e d  compound (X lb ) .  By s h a k i n g  w i t h  c o l d  d i l u t e  h y d r o c h l o r i c  
a c i d ,  some o f  t h e  l a t t e r  i s  rem oved  and c a n  b e  d e t e c t e d  i n  th e  
e x t r a c t .  The a n a l y s i s  o f  t h e  b r a z i l e i n  p r o d u c t  s u g g e s t s  t h a t  i t  
may b e  a m i x t u r e  o f  th e  o l a t e d  com plex  ( X l l b )  w i t h  some o f  t h e  
-a a t i p  n i e  (XIJ  a-)- and- a n i o n i c  (XIIol) complexes-,  as  i n  t h e  c a s e  o f  
th e  chromium compound.
N a t u r e  o f  the  Lake-fo rm ing  R e a c t io n s  i n  t h e  F i b r e .
The p r o c e s s e s  w h ich  p r o d u c e  t h e  i n e r t ,  i n s o l u b l e  l a k e s  when 
th e  l i q u i d  r e a c t i o n  m i x t u r e s  a r e  e v a p o r a t e d  to  d r y n e s s  m ust  a l s o  
o p e r a t e  when m o rd a n te d  and dyed  f i b r e s  a r e  d r i e d .  I t  i s  t h u s  e x p e c t e d  
t h a t  th e  l a k e s  i n  f i b r e s  w i l l  be  v e r y  s i m i l a r  com plex  m i x t u r e s  to
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t h o s e  whose c o m p o s i t i o n  has  a l r e a d y  b e e n  d i s c u s s e d  ( x ) , and  t h e  
f u l l  f o r m u l a t i o n  o f  t h e  most i m p o r t a n t  p r o d u c t ,  logwood b l a c k  on a 
d i c h r o m a t e  m o rd a n t ,  i s  p r o b a b l y  c l o s e  t o  t h a t  shown ( X I I I ) .
D u r in g  t h e  d y e i n g  p r o c e s s  t h e  s i m p l e r  a n i o n i c  2 : 1 - l a k e  ( I I I )  may 
be  fo rm ed  i n  t h e  f i b r e  a n d ,  i n d e e d ,  aq u e o u s  s o l u t i o n s  o f  t h i s  l a k e  
w i l l  dye  wool t h e  c h a r a c t e r i s t i c  h a v in g  b l u e  sh a d e  w hich  logwood 
d i s p l a y s  a t  low sh ad e  d e p t h s .  Even b e f o r e  t h e  b l u e  com plex  i s  
f o r m e d ,  how ever ,  i t  i s  p r e c e d e d  b y  t h e  f o r m a t i o n  o f  t h e  p u r p l e  
1 ; 1 - c o m p le x ,  and i f  logwood dyed p a t t e r n s  on a chrome m ordant  a r e  
exam ined  d u r i n g  t h e  f i r s t  few  m i n u t e s  o f  im m ers io n  i n  t h e  b a t h  t h e  
s h a d e  i s  s e e n  t o  b e  a d u l l  p u r p l e ,  w h ic h  l a t e r  c h a n g e s  t o  b l u e  and 
b l a c k .  I n  o r d e r  t o  s tu d y  t h e s e  c o l o u r  c h a n g e s  more p r e c i s e l y ,  a  
number  o f  w o o l l e n  p a t t e r n s  m ord a n te d  and  dyed w i t h  h a e m a t e i n  u n d e r  
d i f f e r e n t  c o n d i t i o n s  were examined s p e c t r o p h o t o - m e t r i c a l l y .  The 
r e f l e c t a n c e  c u r v e s  a r e  low and r a t h e r  i n d e t e r m i n a t e  ( P i g .  7)  b u t  
t h e  f o l l o w i n g  c o n c l u s i o n s  c a n  be  drawn f ro m  them:
( x )  R a c e ,  Rowe and Speakman, J . S . D . C . , 6 2 ,  372 (1 9 4 6 )  found  t h a t  
t h e  r a t i o ,  dye m o l e c u l e s :  chromium a toms i n  chrome m ord a n ted  wool
dyed w i t h  s e v e r a l  t y p i c a l  dyes  was a l m o s t  e x a c t l y  2 : 1 .  T h e i r  
m e a s u re m e n ts  were  made by co m p a r in g  t h e  amount o f  dye a b s o r b e d  w i t h  
t h e  amount o f  n o n - e x t r a c t a b l e  chromium. T h i s  method would g i v e  
e x a c t  2 : 1 - r a t i o s  even i f  t h e  a c t u a l  l a k e s  w ere  p o l y m e r i s e d  
s t r u c t u r e s  o f  t h e  ty p e  h e r e  p r o p o s e d .  They a t t r i b u t e d  t h e  
im proved  w a s h - f a s t n e s s  o f  m ordan ted  d y e i n g s  t o  t h e  d o u b l i n g  o f  s i z e  
o f  t h e  dye m o le c u le  by complex  f o r m a t i o n .
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( i )  t h e  p u r p l e  sh a d e  i n  t h e  e a r l y  s t a g e s  o f  d y e i n g  r e p r e s e n t s  
a  m i x t u r e  o f  c a t i o n i c  l : l - l a k e  and f r e e  h a e m a t e i n  a n i o n  ( 7 a - d ) ,  
h u t  t h e s e  soon  combine t o g e t h e r  t o  fo rm  t h e  b l u e  2 : 1 - c o m p le x  ( 7 d - e ) .  
T h i s  c a n  be  c o n f i r m e d  by re m o v in g  a p u r p l e  p a t t e r n  f ro m  t h e  b a t h  
and b o i l i n g  i t  i n  w a t e r .  I t s  c o l o u r  c h a n g e s  t o  b l u e  ( 7 f ) .  When 
th e  f i b r e  r e m a in s  i n  t h e  d y e b a t h  t h e  c h an g e  i s  c o m p le t e  i n  5 -10  min. 
A s i m i l a r  s e q u e n c e  o f  e v e n t s  t a k e s  p l a c e  when chrome a lum  i s  u se d  
a s  m o r d a n t ,  b u t  t h e  b l u e  l a k e  t h e n  fo rm s  more s l o w l y  and t h e  dyed 
s h a d e s ,  even  a f t e r  no rm a l  d y e i n g  p e r i o d s ,  have  a p ro n o u n c ed  r e d d i s h  
t o n e .
C l e a r l y  t h e  m e ta l  s a l t  and c o l o u r i n g  m a t t e r  a r e  a t  f i r s t
a b s o r b e d  b y  t h e  f i b r e  more r a p i d l y  t h a n  t h e y  c a n  combine t o  fo rm
t h e  l a k e ,  b u t  a s  t h e i r  c o n c e n t r a t i o n  i n  t h e  w a t e r  i n s i d e  t h e  f i b r e  
i n c r e a s e s ,  so  d o es  t h e i r  r a t e  o f  m u tu a l  r e a c t i o n ,  so  t h a t  a f t e r  
5 -1 0  min.  t h e  l a k e  fo rms i n  t h e  f i b r e  a s  r a p i d l y  a s  t h e  com ponen ts  
a r e  a b s o r b e d .  I t  c a n  r e a d i l y  be  d e m o n s t r a t e d  t h a t  when wool i s  
b o i l e d  i n  weak mixed aqueous  s o l u t i o n s  o f  c o l o u r i n g  m a t t e r  and 
m o r d a n t ,  l a k e  f o r m a t i o n  i s  much more r a p i d  i n  t h e  f i b r e  i t s e l f  t h a n  
i t  i s  i n  t h e  s o l u t i o n  i n  a b s e n c e  o f  f i b r e .
I t  seems l i k e l y  t h a t  t h e  l a r g e  i n s o l u b l e  com plex  o f  logwood
b l a c k  i n  t h e  f i b r e  must be h e l d  t h e r e i n  b y  p u r e l y  m e c h a n i c a l  f o r c e s  
a i d e d  p e r h a p s  by van  d e r  W a a l s ’ a t t r a c t i o n ,  and n o t  by c h e m i c a l  
bonds  w i t h  t h e  s u b s t r a t e .  T h i s  i s  t h e  c o n c l u s i o n  w h ich  R a c e ,  
ffiowe and Speakman a l s o  r e a c h e d  r e g a r d i n g  t h e  r e t e n t i o n  o f  t h e  
chromium l a k e s  o f  s y n t h e t i c  m ordan t  d y e s  i n  w oo l .
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E X P E R I M E N T A L .
P r e p a r a t i o n  and E x a m in a t io n  o f  L a k e s .
I n  S o l u t i o n .
C o l o r i m e t r i c  d e t e r m i n a t i o n s  were  made a s  f o l l o w s  :
( i )  2 : 1 - l a k e s ,  by  a d d i n g  0 . 1 $  a q u e o u s  p o t a s s i u r a  chrornate  or  
d i c h r o m a t e ,  o r  a lu m in iu m  c h l o r i d e  s o l u t i o n  t o  10 c . c .  o f  0 . 1  p e r  
c e n t  a q u e o u s  h a e m a t o x y l i n  o r  h a e m a t e i n  s o l u t i o n ,  i n  a s e r i e s  o f  
i n c r e a s i n g  q u a n t i t i e s .  The m i x t u r e s  w ere  t h e n  b o i l e d  f o r  60 s e c . ,  
c o o l e d  and d i l u t e d  f o r  measurem ent  on t h e  p h o t o e l e c t r i c  a b s o r p t i o -  
m e t e r  w i t h  t h e  a p p r o p r i a t e  f i l t e r .  A c u r v e  i s  o b t a i n e d  c o n s i s t i n g  
o f  two s t r a i g h t  l i n e s  ( P i g .  5) i n t e r s e c t i n g  a t  a p o i n t  c o r r e s p o n d i n g  
t o  t h e  r a t i o  o f  components  i n  t h e  com plex .  The r e s u l t s  a r e  
sum m ar ised  i n  T a b le  (5 )  a b o v e .
( i i )  1 : 1 - l a k e .  By a s i m i l a r  p r o c e s s  u s i n g  s o l u t i o n s  o f  0 . 1 $  
chromium c h l o r i d e  h e x a h y d r a t e  and 0 . 1 $  h a e m a t e i n  r e s p e c t i v e l y  i n  
e t h a n o l .  D i l u t i o n  was made w i t h  e t h a n o l .
T e s t s  o f  s i g n  o f  i o n i c  c h a r g e .
Two s im p le  q u a l i t a t i v e  methods  have  b e e n  u sed  t o  d e t e r m i n e  
t h e  s i g n  o f  c h a r g e  on t h e  w a t e r  s o l u b l e  l a k e s :  ( i )  e x a m i n a t i o n  o f  
t h e  e f f e c t  o f  t h e  s o l u t i o n s  on a n o d i s e d  a lu m in iu m  and powdered 
s i l i c a  ( q u a r t z ) .  These  a r e  p o s i t i v e l y  and n e g a t i v e l y  c h a r g e d ,  i n  
w a t e r ,  and  cttie c o l o u r e d  o n ly  by  a n i o n s  and c a t i o n s ,  r e s p e c t i v e l y ;
( i i )  e x a m i n a t i o n  o f  t h e  r a t e  o f  s p r e a d  o f  a  d r o p  o f  s o l u t i o n  upon 
f i l t e r  p a p e r s  p r e v i o u s l y  im p re g n a te d  w i t h  c a t i o n i c  and a n i o n i c  
s u r f a c e - a c t i v e  a g e n t s ,  and d r i e d .  A n io n ic  l a k e s  a r e  r e t a i n e d  by  
t h e  f i r s t  and  c a t i o n i c  l a k e s  by  t h e  s e c o n d .
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An a t t e m p t  was made t o  c o n f i r m  t h e  m a g n i tu d e  o f  t h e  i o n i c  
c h a r g e  "by p a s s a g e  o f  t h e  s o l u t i o n s  t h r o u g h  co lum ns  o f  t h e  a p p r o p r i a t e  
i o n - e x c h a n g e  r e s i n s ,  f o l l o w e d  "by e l e c t r o m e t r i c  t i t r a t i o n ,  h u t  
c o n s i s t e n t  r e s u l t s  were n o t  o b t a i n e d  i n  s u c c e s s i v e  e x p e r i m e n t s .
T h is  may have  b e e n  due t o  some i n c i p i e n t  p r e c i p i t a t i o n  o c c u r r i n g  
i n  t h e  r e s i n  co lum ns .
B r a z i l e i n  l a k e s  a r e  a l l  i n s u f f i c i e n t l y  w a t e r  s o l u b l e  f o r  
c o l o r i m e t r i c  a n a l y s i s  t o  be  a p p l i c a b l e .
I n  S u b s t a n c e .
Chromium ( 1 : 1 - )  co m p le x e s .
( a )  From Hexaquochrom ic  c h l o r i d e  o r  ch rom ic  f l u o r i d e .
A m i x t u r e  o f  2 .5 g  h a e m a t e i n  d i s s o l v e d  i n  60 c . c .  e t h a n o l  
and e i t h e r  ( i )  1 . 4  g .  hexaquochrom ic  c h l o r i d e  (C rC lg ,6 H g0 )  i n  30  c . c .  
e t h a n o l ,  o r  ( i i )  0 . 8  g .  chromium f l u o r i d e  i n  50 c . c .  w a t e r ,  was 
r e f l u x e d  f o r  12 -15  h r .  and t h e n  e v a p o r a t e d  t o  d r y n e s s .  The 
r e s i d u e  was ( S o x h l e t )  e x t r a c t e d  w i t h  i s o p r o p y l  a l c o h o l  f o r  t h r e e  
d a y s  t o  remove f r e e  h a e m a te in  and  chromium c h l o r i d e ,  t h e n  warmed 
w i t h  a l i t t l e  e t h e r  t o  c o m p le te  t h e  rem o v a l  o f  i m p u r i t i e s ,  s e p a r a t e d  
by f i l t r a t i o n ,  and d r i e d  a t  100 -110°C .  f o r  24 h r s .  P a r t i a l l y  
s o l u b l e  i n  h o t  w a t e r ,  more so i n  d i l u t e  m i n e r a l  a c i d .  Wool i s  
dyed a  d u l l  p u r p l e  s h a d e .
Pound:  H , 4 . 5 ,  C r ,  5 . 9 5  (mean o f  14 p r e p a r a t i o n s  by  
d i f f e r e n t  o p e r a t o r s ;  ( D e s a i ,  C o n n e l l y ,  D u f f  e t c .  , P r i v a t e  commun­
i c a t i o n )  , r a n g e  5 . 4  -  6 . 8 ) ;  ( C l6Hl l ° 6)3 C r > 10Hg0 ( iV a )  r e q u i r e s
H, 4 . 7 ;  C r ,  4 . 6 ;  (C l6 HH ° 6 ) 2  Gr ' 7HgO(lVb) r e q u i r e s  H . 4 . 7 ;
C r ,  6 . 5 5 ;  30 p a r t s  ( IV a)  + 70 p a r t s  ( iV b )  r e q u i r e s  H , 4 . 7 ;  C r ,  6 . 0 $ .
-  47 -
A b r a z i l e i n  l a k e  was s i m i l a r l y  p r e p a r e d ,  f ro m  h e x aq u o ­
c h ro m ic  c h l o r i d e ,  t h e  c o l o u r i n g  m a t t e r  b e i n g  p a r t l y  i n  s o l u t i o n  
and p a r t l y  i n  s u s p e n s i o n  i n  t h e  s o l v e n t  ( e t h a n o l ) . S o x h l e t  
e x t r a c t i o n  was by " C e l l o s o l v e " .  Pound:  C r ,  5 , 8 ;  ( 016^ 1105)3
C r ,  7HgO (Va) r e q u i r e s  C r ,  5 . 1 ;  ( C i 6HiiC>5) 2 Cr(OH) , 5HgO (Vb) 
r e q u i r e s  C r ,  7*2;  67 p a r t s  (Va) + 33 p a r t s  (Vb) r e q u i r e s  C r , 5 . 7 5 $ .
(b)  Prom "Chromic c h l o r i d e  t e t r a h y d r a t e " , j c r C l g (HgO)4^ C l .
A m i x t u r e  o f  s o l u t i o n s  o f  1 , 2 5  g .  h a e m a t e i n  i n  80 c . c .  
e t h a n o l  and 0 . 8 5  g .  o f  th e  c h ro m ic  s a l t  i n  50 c . c .  e t h a n o l  was 
r e f l u x e d  24 h r .  The p u r p l e  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  a t  
4 0 ° C . , and  t h e  r e s i d u e  ( S o x h l e t )  e x t r a c t e d  f o r  s e v e r a l  h o u r s  w i t h  
i B o p r o p a n o l ,  u n t i l  no more c o l o u r e d  m a t e r i a l s  p a s s e d  i n t o  t h e  
e x t r a c t .  F i n a l l y ,  t h e  m a t e r i a l  was washed w i t h  e t h e r  and d r i e d  
i n  a vacuum d e s i c c a t o r .  The d a r k  p u r p l e  amorphous p r o d u c t  was 
p a r t i a l l y  s o l u b l e  i n  h o t  w a t e r ,  and more so  i n  d i l u t e  a c i d  s o l u t i o n s  
and  q u i t e  s o l u b l e  i n  c o n c e n t r a t e d  m i n e r a l  a c i d s ;  i t  was i n s o l u b l e  
i n  o r g a n i c  s o l v e n t s .  The a q u e o u s  s o l u t i o n s  c o l o u r e d  wool  and 
s i l i c a  p u r p l e ,  b u t  d i d  n o t  a f f e c t  a n o d i s e d  a lu m in iu m .  Pound:
C r ,  1 2 . 0 ,  1 1 . 8 ;  Cl  p r e s e n t ,  b u t  no C l - i o n ;
( C ie H n O g )C rC lg ,4 H g O (V ia ) r e q u i r e s  C r ,  1 0 . 6 ;
( C i o H n O g )  C rg (0 H )2 ( C l ) 3 , 7HgO (VIb)  r e q u i r e s  C r ,  1 5 . 3 ;  70 p a r t s
( V ia )  + 30 p a r t s  (VIb)  r e q u i r e  C r , 1 2 . 0 $ .
The b r a z i l e i n  l a k e  was s i m i l a r l y  p r e p a r e d ,  t h e  c o l o u r i n g  
m a t t e r  b e i n g  o n ly  p a r t l y  d i s s o l v e d  i n  t h e  r e a c t i o n  m i x t u r e .
Pound:  C r ,  1 5 . 4 ,  1 5 . 1 ;  (C16H11O5 ) CrClg 3HgO(VIIa)  r e q u i r e s  C r ,
1 1 . 3 ;  ( C i g H n O g )  CrgCl3(0H)g  6HgO(VIIb) r e q u i r e s  C r ,  1 6 . 4 ;  25 p a r t s
( V i l a )  + 75 p a r t s  ( V l l b )  r e q u i r e s  C r ,  1 5 . 1 $ .
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Chromium ( '2 :1 - )  co m p le x e s .
( a ) From P o ta s . s ium  d i  ch ro  m ate .  H a e m a to x y l in  (10 g. ) ,  d i s s o l v e d  
i n  500 c . c .  w a t e r ,  was m ixed  w i t h  3 g. p o t a s s i u m  d i c h r o m a t e  
d i s s o l v e d  i n  100 c . c .  w a t e r ,  and t h e  m i x t u r e  b o i l e d  a few min.
to p r e c i p i t a t e  th e  f l o c c u l e n t  b l u e - b l a c k  l a k e ,  w h ich  was t h e n  
s e p a r a t e d  b y  f i l t r a t i o n  and w e l l  w ashed  w i t h  h o t  w a t e r ,  f o l l o w e d  
b y  d r y i n g  a t  110°£.
Found:  C, 4 6 . 5 ;  H, 4 . 2 ;  Or, 9 . 2 ;  ( C i 6 H n 0 6 ) 2 (0H) g OrglOHgO ( V i l l a )  
r e q u i r e s  C, 4 2 . 0 ;  H, 4 . 6 ;  c r ,  1 1 . 4  (Cis-Hp^Og) ^ r 2>
( V U I b )  r e q u i r e s  C, 5 2 .5 ;  H, 4 . 2 5 ;  Cr ,  7 . 1 0 ;  50 p a r t s  ( V i l l a )
+ 50 p a r t s  ( V U I b )  r e q u i r e s  c, 4 7 . 3 ;  H, 4 . 4 ;  C r ,  9 . 3 $
(b)  From hexamminochromic n i t r a t e . Aqueous s o l u t i o n s  o f  m i x t u r e s  
o f  h a e m a t e i n  and hexamminochromic  n i t r a t e ,  h e a t e d  on th e  b o i l i n g  
w a t e r  b a t h  s e v e r a l  h r .  d e p o s i t e d ,  a d a r k  b l u i s h - b l a c k  p r e c i p i t a t e ,  
wh ich  was f i l t e r e d  o f f ,  washed w e l l  w i t h  w a t e r  and  d r i e d .  Found,  
Cr.  9 . 3 ,  8 . 9 ,  9 . 1 $ ,  i n  s u c c e s s i v e  p r e p a r a t i o n s .  IT a b s e n t .  The 
c o m p o s i t i o n  p r o b a b l y  r e s e m b l e s  t h a t  o f  t h e  p r o d u c t  p r e p a r e d  b y  
d i c h r o m a t e .
( c )  F r o m  -po ta ss ium  chroma t e  i n  aqueous  a l c o h o l i c  s o l u t i o n .
A s o l u t i o n  o f  1 . 6  g. h a e m a te in  i n  100 c . c .  m ethano l  was 
mixed w i t h  a s o l u t i o n  o f  0 .7 3  g. p o t a s s i u m  c h r o m a te  i n  60 c . c .  
w a t e r  and b o i l e d  under r e f l u x  14 h r .  The m ix tu re  was then  
e v a p o r a t e d  to d ry n e s s  a t  40°Q. , f i n e l y  ground,  b o i l e d  unde r  r e f l u x  
w i th  w a te r  (18 h r . ) ,  S o x h le t  e x t r a c t e d  w i th  " C e l l o s o l v e u n t i l
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t h e  e x t r a c t s  were no l o n g e r  c o l o u r e d ,  w ashed  w i t h  e t h e r ,  an d  d r i e d  
a t  1 0 0 -1 2 0 °  Q. f o r  10 h r  s .  Found* n r .  8. 8 , 8 . 4 :  t h i s  p r o d u c t  may
t h e r e f o r e  h e  v e r y  s i m i l a r  to t h a t  made i n  aqueous  s o l u t i o n .
A l a k e  was s i m i l a r l y  p r e p a r e d  f ro m  b r a z i l e i n  ( 0 . 95g) i n  
75 c . c .  e t h a n o l  and  0 . 6 2  g. p o t a s s i u m  c h ro m a te  i n  45 c . c .  w a t e r ,  
r e f l u x e d  f o r  10 h r .  Found:  c r ,  1 0 . 1 ,  9 .9 ; '  (C i6Hl l ° 5 )  O^chgSH^O 
( iX a )  r e q u i r e s  c r ,  2 4 .5 ;  (C^H qqO g)  2 (0H)g C r g , 28H20 ( iXb) 
r e q u i r e s  Cr ,  1 2 . 3 ;  ( 0 i 6 H n 0 g )4 Cr  (0H) 2 4HgO ( iX c)  r e q u i r e s  Cr, 
7 .8 $ .  The p r o d u c t  i s  p r o b a b l y  a m i x t u r e  o f  t h e s e  t h r e e  c o m p lex es .  
C oppe r  l a k e s , .
( a )  S o l u t i o n s  o f  1 g. h a e m a t e i n  i n  75 c . c .  e t h a n o l  and 0 . 5  g. 
c u p r i e  s u l p h a t e  c r y s t a l s  i n  25 c . c .  w a t e r  were  m ixed  and b o i l e d  
u n d e r  r e f l u x  15 h r .  The l i q u o r  was t h e n  e v a p o r a t e d  to d r y n e s s  a t  
40°Q. a n d  t h e  r e s i d u e  f i r s t  r e p e a t e d l y  w ashed  w i t h  a q u eo u s  e t h a n o l  
and  t h e n  r e f l u x e d  w i t h  aqueous  e t h a n o l  9 h r . ,  t h e n  d r i e d  i n  a 
vacuum d e s i c c a t o r .  The p r o d u c t  was i n s o l u b l e  i n  w a t e r  and  o r g a n i c  
s o l v e n t s .  I n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  i t  gave  a deep  r e d  
s o l u t i o n ,  an d  i n  10$ aqueous  p o t a s s i u m  h y d r o x i d e ,  a r e d d i s h  b l u e  
s o l u t i o n .  Hot s u s p e n s i o n s  o f  t h e  l a k e  c o l o u r e d  b o t h  a n o d i s e d  
a lu m in iu m  and s i l i c a  on s t a n d i n g .
Found:  cu ,  1 1 .1 ,  1 0 . 9 :  1 1 . 2  (by c o m b u s t io n )  1 5 . 2 5  ( s e c o n d
p r e p . ) ;  C, 42. 65; H, 4 . 0 5 ;  SO4 a b s e n t ;  t h e  m a t e r i a l  i s  p o s s i b l y  
a m i x t u r e  o f  c u p r o u s  and c u p r i c  l a k e s  w i t h  some m e t a l  o x i d e  o r  
h y d r o x i d e .  (CigHqqOgJg CUq6H2 0 (X) r e q u i r e s  cu = 1 5 .4 $ .
A b r a z i l e i n  l a k e  was s i m i l a r l y  p r e p a r e d ,  u s i n g  0.6  g. c o p p e r  
s u l p h a t e  i n  40 c . c .  w a t e r ,  and  r e f l u x i n g  13 h r .  S u b s e q u e n t  w a sh in g  
was w i t h  h o t  w a t e r ,  f o l l o w e d  b y  r e f l u x i n g  5 h r .  w i t h  m e th a n o l .  
Found:  cu ,  1 1 .3 5 ,  1 1 .5  (x) ( 1 7 . 6 $  s e c o n d  p r e p .  ) : ( x )  Cu, 1 2 . 5  by  
combus t i o n .
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C, 4 6 . 1 ;  H, 3 . 9 5 ;  t h i s  m a t e r i a l  may a l s o  h e  a m i x t u r e  c o n t a i n i n g  
o x i d e  o r  h y d r o x i d e .  (Second p r e p ,  u s i n g  0 . 2 5  g. ouSO^).
XnoJl-Lakeg--
(a )  H a e m a to x y l in  (1. l g ) ,  d i s s o l v e d  i n  40 c . c .  water , ,  was m ixed  
w i t h  f e r r i c  ammonium s u l p h a t e  (0. 6 5 g ) ,  d i s s o l v e d  i n  30 c . c .  w a t e r  
a n d  " b o i l e d  u n d e r  r e f l u x  6 h r .  The m i x t u r e  v/as t h e n  e v a p o r a t e d  to  
d r y n e s s  a t  40°C, w e l l  washed w i t h  h o t  w a t e r  and  t h e n  r e f l u x e d  
w i t h  aqu eo u s  e t h a n o l  s e v e r a l  h r . ,  t h e n  s e p a r a t e d  h y  f i l t r a t i o n ,  
w a s h e d  w i t h  a queous  e t h a n o l ,  and  d r i e d  i n  a vacuum d e s i c c a t o r .
An aq u eo u s  s u s p e n s i o n  c o l o u r e d  a n o d i s e d  a lu m in iu m ,  h u t  n o t  s i l i c a .  
Pound:  Fe ,  9 . 0 ,  9 . 2 5 .
0>) A s o l u t i o n  o f  h a e m a t e i n  (0 . 5g) i n  40 c . c .  m e th a n o l  was m ixed  
w i t h  a s o l u t i o n  o f  0 .3 2  g. f e r r i c  ammonium s u l p h a t e  i n  20 c . c .  
w a t e r  a n d  h o i l e d  u n d e r  r e f l u x  15 h r .  The m i x t u r e  was t h e n  
e v a p o r a t e d  to  d r y n e s s  a t  40°£• , r e p e a t e d l y  washed w i t h  h o t  w a t e r ,  
t h e n  r e f l u x e d  w i t h  aqueous  “O e l l o s o l v e "  (6 h r . ) ,  w ash ed  w i t h  
w a t e r ,  t h e n  e t h e r ,  and t h e n  d r i e d  a t  100°Cb An aqu eo u s  s u s p e n s i o n  
d i d  n o t  c o l o u r  e i t h e r  a n o d i s e d  a lu m in iu m  o r  s i l i c a .
Pound:  p e ,  9 . 2 .  th e  c o n s t i t u t i o n  must t h e r e f o r e  he  i d e n t i c a l  w i t h  
t h a t  o f  t h e  l a k e  f ro m  h a e m a t o x y l i n .
( c )  B r a z i l e i n  (1 g. ) d i s s o l v e d  i n  a m i x t u r e  o f  25 c .  c .  " o e l l o s o l v e ” 
an d  50 c . c .  w a t e r  was mixed w i t h  a s o l u t i o n  o f  0 . 7 5  g. f e r r i c  
ammonium a lum  i n  40 c . c .  w a t e r  and "bo i led  u n d e r  r e f l u x  16 h r .  The 
m i x t u r e  was t h e n  e v a p o r a t e d  to  d r y n e s s  a t  5 0 ° £ , , t h e  r e s i d u e  
r e p e a t e d l y  w ashed  w i t h  " b o i l in g  w a t e r  and  t h e n  h o i  l e d  u n d e r  r e f l u x
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13 h r .  w i t h  aqueous  e t h a n o l .  I t  was t h e n  f i l t e r e d  o f f .  washed 
w i t h  h o t  w a t e r ,  t h e n  w i t h  m e th a n o l  and  f i n a l l y  w i t h  e t h e r ,  and 
d r i e d  i n  a vacuum d e s i c c a t o r .  A s e co n d  p r e p a r a t i o n  was p u r i f i e d  
"by r e f l u x i n g  f i r s t  w i t h  w a t e r ,  t h e n  w i t h  tfO e l l o s o l v e ,f, Found:  
Fe ,  9 . 1 ,  9 . 1 5  ( i n  d i f f e r e n t  p r e p a r a t i o n s ) .
The c o n s t i t u t i o n s  o f  a l l  t h e s e  l a k e s  a r e  p r o b a b l y  s i m i l a r  
to  t h o s e  o f  t h e  com plexes  f ro m  d i c h r o m a t e ,  i . e . ,  m i x t u r e s  o f  
X Ia  a n d  Xlb a n d  o f  X l l a  and X l l b .
t o
H a e m a te in  ( 1 . 52g) d i s s o l v e d ,  i n  m e th a n o l  (80 c . c . )  was 
m ixed  w i t h  s t a n u o u s  c h l o r i d e  ( 0 . 7 2  g)  d i s s o l v e d  i n  40 c . c .  w a t e r  
c o n t a i n i n g  a l i t t l e  h y d r o c h l o r i c  a c i d ,  and b o i l e d  u n d e r  r e f l u x  
25 h r .  The l a t e  w h ich  h a d  p r e c i p i t a t e d  was s e p a r a t e d  by  
f i l t r a t i o n  w e l l  washed w i t h  h o t  d i l u t e  h y d r o c h l o r i c  a c i d  to  
remove u n r e a c t e d  t i n  s a l t ,  t h e n  ( S o x h l e t )  e x t r a c t e d  s e v e r a l  days  
w i t h  e t h a n o l  to  remove u n r e a c t e d  h a e m a t e i n ,  and f i n a l l y  w ashed  
w i t h  e t h e r  and d r i e d  i n  a vacuum d e s i c c a t o r .  The b r a z i l e i n  l a k e  
was s i m i l a r l y  p r e p a r e d .  B o th  t h e s e  compounds gave  v e r y  
c o n s i d e r a b l y  g r e a t e r  a n a l y s e s  f o r  t i n  t h a n  c o u l d  n o r m a l l y  be  
a c c o u n t e d  f o r .  I t  i s  assum ed  t h e y  were c o n t a m i n a t e d  w i t h  b a s i c  
i n o r g a n i c  t i n  s a l t s ,
D e t e r m in a t io n  o f  met a l s _ i  n _ l a k e s ,
ChKQ.m3jAm»
B e s i d e s  th e  w e ig h in g  o f  t h e  a s h  a f t e r  m i c r o - c o m b u s t i o n  
i n  oxygen ,  th e  f o l l o w i n g  m ethods  were  u sed  to  d e t e r m i n e  chromium
( a )  A known w e ig h t  o f  l a k e  was f u s e d  w i t h  s o d iu m  p e r o x i d e  i n  a 
n i c k e l  c r u c i b l e -  The mass,  a f t e r  c o o l i n g ,  was l e a c h e d  o u t  w i th
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t o i l i n g  w a t e r ,  t h e  s o l u t i o n  f i l t e r e d ,  t o i l e d  t o  remove ox y g en ,  
and  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  t o  c o n v e r t  c h r o m a te  t o  
d i c h r o m a t e .  The s o l u t i o n  was t h e n  d i l u t e d  t o  a  g i v e n  vo lum e;  
t o  a n  a l i q u o t  p o r t i o n  a l i t t l e  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  was 
a d d e d ,  f o l l o w e d  t y  p o t a s s i u m  i o d i d e  c r y s t a l s ,  and t h e  l i t e r a t e d  
i o d i n e  was t i t r a t e d  w i t h  0 . 1  N. sod ium  t h i o s u l p h a t e  s o l u t i o n ,  u s i n g  
s t a r c h  i n d i c a t o r .  The a c c u r a c y  o f  t h e  method was c h e c k e d  by  
d e t e r m i n a t i o n  o f  a known chromium s a l t .
( b )  A s h in g  i n  a p l a t i n u m  c r u c i b l e .  T h i s  gave  h i g h  v a l u e s ,  
p r e s u m a b l y  due t o  i n c o m p l e t e  c o m b u s t i o n  o r  t o  c a r b i d e  f o r m a t i o n .  
B e t t e r  v a l u e s  were  o b t a i n e d  i f  t h e  c r u c i b l e  was a l l o w e d  t o  c o o l  
f rom t im e  t o  t im e  and t h e  a s h  m o i s t e n e d  w i t h  a few c . c .  o f  e t h a n o l .  
Copper  and  I r o n .
0 . 0 5  G. o f  t h e  l a k e  was i g n i t e d  t o  c o n s t a n t  w e i g h t  i n  a  
p o r c e l a i n  c r u c i b l e ,  t h e  r e s i d u e  c o o l e d ,  10 c . c .  s u l p h u r i c  a c i d  
( S . G . 1 . 8 4 )  added  and t h e  m i x t u r e  c a r e f u l l y  s t i r r e d  i n t o  100 c . c .  
c o l d  w a t e r .  25 c . c .  a l i q u o t  p o r t i o n s  o f  t h e  s o l u t i o n  were  t h e n  
t a k e n  f o r  t i t r a t i o n  w i t h  0 . 1N sodium  t h i o s u l p h a t e  s o l u t i o n ,  a f t e r  
a d d i t i o n  o f  c a .  3g.  p o t a s s i u m  i o d i d e  c r y s t a l s ,  u s i n g  s t a r c h  
i n d i c a t o r .  F o r  t h e  i r o n  a n a l y s i s ,  a s m a l l  q u a n t i t y  o f  a s u s p e n s i o n  
o f  c u p r o u s  i o d i d e  was a l s o  added  t o  t h e  m i x t u r e  b e f o r e  t i t r a t i o n .  
Copper  was a l s o  d e t e r m in e d  by d i r e c t  w e i g h i n g  o f  t h e  a s h  a f t e r  
m i c r o - c o m b u s t i o n  i n  oxygen.
S p e c t r o p h o t o m e t r i c  m easu rem en ts  o f  s o l u t i o n s  w ere  made on 
a Unicam SP500 p h o t o e l e c t r i c  s p e c t r o p h o t o m e t e r  and a b s o r p t i o m e t r i c  
d e t e r m i n a t i o n s  on e i t h e r  a H i l g e r  S p e k k e r  o r  an  E.S.;L. p h o t o e l e c t r i c  
a b s o r p t i o m e t e r .  The r e f l e c t a n c e  s p e c t r a  o f  dyed f a b r i c s  were  made
on t h e  Hardy a u t o m a t i c  r e c o r d i n g  s p e c t r o p h o t o m e t e r  i n  t h e  
D yehouse  l a b o r a t o r i e s  o f  I m p e r i a l  C hem ica l  I n d u s t r i e s  L t d .  ,
D y e s t u f f s  D i v i s i o n .  They w ere  m easu red  a g a i n s t  magnesium o x i d e  
u s i n g  a  d o u b le  f a b r i c  l a y e r  w i t h  a  m a t t  b l a c k  b a c k i n g .
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, S p e c t r a l  a b s o r p t i o n  c u r v e s  o f  s o l u b l e  Chromium 
Lakes o f  Logwood+KgCr04
■:rI
i{
a = As p r e p a r e d  f rom  h a e m a t o x y l i n  +KgCr04 
b  = Do , a f t e r  s h o r t  p e r i o d  o f  b o i l i n g  
c = As p r e p a r e d  f rom  h a e m a t e i n + C r C l g ,6HgO i n  
a q u e o u s ( c e l l o s o l v e  s o l u t i o n ) ,  .
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PART I I .
S e c t io n  1 . STUDIES IN HYDROGEN-BOND FORMATION.
The Use o f  R e f r a c t i v e  I n d e x  M e a su re m e n t  t o  d e t e c t  
I n t e r m o l e c u l a r  C o m p le x - P o rm a t io n  i n  S o l u t i o n .
G i l e s ,  Rose  and V a l l a n c e ’ s p a p e r  ( J . C . S . , 1 9 5 2 ,  3799)
d e s c r i b e d  p r e l i m i n a r y  e x p e r i m e n t s  u p o n  t h e  u s e  o f  d i e l e c t r i c  
c o n s t a n t  m e a s u re m e n t s  t o  d e t e c t  i n t e r m o l e c u l a r  h y d r o g e n - b o n d i n g  
b e t w e e n  p a i r s  o f  o r g a n i c  s o l u t e s  i n  n o n - a q u e o u s  s o l u t i o n s .  P l o t s  
o f  d i e l e c t r i c  c o n s t a n t  a g a i n s t  m o l a r  r a t i o  o f  t h e  s o l u t e s  ( a t  
c o n s t a n t  t o t a l  m o l a r i t y )  w ere  shown t o  b e  l i n e a r ,  c h a n g e s  o f  s l o p e  
o c c u r r i n g  a t  r a t i o s  c o r r e s p o n d i n g  t o  t h e  c o m p o s i t i o n  o f  i n t e r ­
m o l e c u l a r  c o m p l e x e s .
The p r e s e n t  work d e s c r i b e s '  an  a l t e r n a t i v e  method o f  
d e t e c t i n g  c om plex  f o r m a t i o n  w h ich  may be  u s e d  w i t h  b o t h  n o n - a q u e o u s  
and  a q u e o u s  s o l u t i o n s .  The r e s u l t s  o b t a i n e d  by  t h e  two m e th o d s  
a r e  com pared  and  a d e t a i l e d  e x a m i n a t i o n  i s  d e s c r i b e d  o f  t h e  v a l i d i t y  
o f  t h e i r  i n t e r p r e t a t i o n  a s  e v i d e n c e  o f  t h e  p r e s e n c e  o f  h y d r o g e n - b o n d  
c o m p le x e s .
Use o f  R e f r a c t i v e  I n d e x  M e a s u r e m e n t s .
I t  was d e s i r e d  t o  e x t e n d  t h e  w ork  a l r e a d y  d e s c r i b e d ,  t o  
i n c l u d e  a q u e o u s  s o l u t i o n s .  The d i e l e c t r i c  c o n s t a n t  m ethod i s  
u n s u i t a b l e  f o r  t h e s e ,  and  c o n s i d e r a t i o n  was t h e r e f o r e  g i v e n  t o  t h e  
m easu rem e n t  o f  some o t h e r  p h y s i c a l  c o n s t a n t .  The r e f r a c t i v e  i n d e x  
a p p e a r e d  t o  f u l f i l  t h e  c r i t e r i o n  o f  r e a d y  d e t e r m i n a t i o n  t o  a  h i g h  
d e g r e e  o f  p r e c i s i o n  w i t h  s m a l l  am oun ts  o f  m a t e r i a l s .  By t h e  
M axwel l  l a w ,  t h e  s q u a r e  o f  t h e  r e f r a c t i v e  i n d e x  o f  a s u b s t a n c e  i s
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e q u a l  t o  i t s  d i e l e c t r i c  c o n s t a n t ,  and  t h e r e f o r e  t h i s  p a r a m e t e r  
s h o u l d ,  l i k e  t h e  d i e l e c t r i c  c o n s t a n t ,  v a r y  l i n e a r l y  w i t h  t h e  
c o n c e n t r a t i o n  o f  a  s o l u t i o n  (S e e  A p p e n d ix  I ) .  I t  i s  known,  
h o w e v e r ,  t h a t  some p u r e  l i q u i d s ,  w a t e r  p a r t i c u l a r l y ,  d e v i a t e  
c o n s i d e r a b l y  f ro m  t h e  M axwell  l a w ,  more e s p e c i a l l y  i f  m e a s u re m e n t s  
o f  t h e  two c o n s t a n t s  a r e  n o t  made w i t h  r a d i a t i o n  o f  t h e  same 
f r e q u e n c y  ( x ) .  M o re o v e r ,  i t  was p r o p o s e d  t o  u s e  d i l u t e  s o l u t i o n s , 
n o t  p u r e  l i q u i d s ,  i n  t h e  p r e s e n t  r e s e a r c h ,  and  i t  was t h e r e f o r e  
n e c e s s a r y  t o  exam ine  e m p i r i c a l l y  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  
s q u a r e  o f  t h e  r e f r a c t i v e  i n d e x  and  t h e  c o n c e n t r a t i o n  o f  n o n - a q u e o u s  
and a q u e o u s  s o l u t i o n s  o v e r  t h e  r a n g e  o f  c o n c e n t r a t i o n s  l i k e l y  t o  
b e  employed i n  t h e  p r e s e n t  r e s e a r c h .  The r e s u l t s  o f  t h i s  e x a m in ­
a t i o n  a r e  su m m ar i sed  i n  F i g s .  1A and 2A, w h ich  show t h a t  t h e  
r e l a t i o n s h i p  i s  q u i t e  l i n e a r ,  f o r  a  v a r i e t y  o f  t y p i c a l  compounds 
i n  b o t h  n o n - a q u e o u s  and a q u e o u s  s o l u t i o n s  up  t o  a t  l e a s t  d o u b l e  
t h e  maximum c o n c e n t r a t i o n  ( 0 . 2 5  M . ) u s e d  i n  t h e  p r e s e n t  work .
T h i s  t e s t  was t h e n  f o l l o w e d  b y  one f o r  a d d i t i v i t y .
F i g .  3A shows t h a t  t h e  s q u a r e  o f  r e f r a c t i v e  i n d e x  i s  t r u l y  a d d i t i v e  
f o r  b i n a r y  s o l u t i o n s ,  o f  c o n s t a n t  m o l a r i t y ,  o f  a z o b e n z e n e  a n d  b e n z o -  
q u i n o n e , two s u b s t a n c e s  n o t  c a p a b l e  o f  h y d r o g e n - b o n d  i n t e r a c t i o n .
( x )  F o r  a  d i s c u s s i o n ,  s e e  Rera ick ,  " E l e c t r o n i c  I n t e r p r e t a t i o n s  o f  
O r g a n i c  C h e m i s t r y " ,  London ,  Chapman and H a l l ,  L t d . ,  1943 .  
A p p e n d ix  I I .
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When, h o w e v e r ,  s u b s t a n c e s  w h ic h  a r e  c a p a b l e  o f  i n t e r a c t i o n  a r e  
e x a m in e d ,  v i z .  a z o b e n z e n e  and  p h e n o l  ( F i g . 6A ) ,  t h e  c u r v e  i s  l i n e a r ,  
b u t  shows two d i s t i n c t  s l o p e  c h a n g e s ,  c o r r e s p o n d i n g  t o  i n t e r -  
m o l e c u l a r  c o m p le x e s  o f  1: 1-  an d  1 : 2- r a t i o ,  e x a c t l y  a s  fo u n d  b y  t h e  
d i e l e c t r i c  c o n s t a n t  m e th o d ,  G i l e s ,  Rose  and V a l l a n c e  ( J . G . S .  , 1 9 5 2 ,  
3 7 9 9 ) .  An e x a m i n a t i o n  o f  some 33 d i f f e r e n t  n o n - a q u e o u s  b i n a r y  
s o l u t i o n s ,  o f  w h ic h  d e t a i l s  a r e  g i v e n  i n  S e c t i o n  2 ,  t h e n  r e v e a l e d  
t h a t  i d e n t i c a l  e v i d e n c e  o f  i n t e r a c t i o n  i s  g i v e n  i n  e v e r y  c a s e  b y  
t h e  d i e l e c t r i c  c o n s t a n t  an d  t h e  r e f r a c t i v e  i n d e x  m e t h o d s .  F u r t h e r ,  
i t  was found  t h a t  a q u eo u s  s o l u t i o n s  g i v e  t h e  same t y p e  o f  c u r v e s ,  
w i t h  e v i d e n c e  o f  com plex  f o r m a t i o n  i n  a p p r o p r i a t e  c a s e s ,  when 
exam ined  b y  t h e  l a t t e r  m ethod .
P r e v i o u s  Work. -  The a u t h o r  h a s  b e e n  u n a b l e  t o  t r a c e  
a n y  p r e v i o u s  u s e  i n  t h i s  manner  o f  r e f r a c t i v e  i n d e x  d e t e r m i n a t i o n s ,  
b u t  P u s h i n  and M a t a v u l j  ( Z . p h y s i k a l  Ghem. , 1 9 3 2 ,  A 1 5 8 , 290 ;  A 1 6 1 ,
341 ;  A162,  4 1 5 ) ;  P u s h i n  and R i k o v s k i  ( i b i d . ,  1 9 3 2 ,  A161,  3 3 6 ) ;
P u s h i n ,  M a t a v u l j ,  R i k o v s k i  and N e n a d o v ic  ( B u l l . S o c . c h i m . B e l g r a d e , 
1 9 4 0 - 4 6 ,  1 1 ,  72 ;  t h r o u g h  Chem.Abs. , 1 9 4 8 ,  4 2 ,  2 1 6 7 ) ;  and  P u s h i n ,
M a t a v u l j  and  R i k o v s k i  ( i b i d . ,  1 9 4 8 ,  1 3 ,  3 8 ,  1 6 5 ,  1 73 ;  t h r o u g h  
Chem .A bs . , 1 9 5 1 ,  4 5 ,  6 4 7 5 ;  1 9 5 2 ,  4 6 ,  2 8 9 4 ) ,  u s i n g  b i n a r y  m i x t u r e s
o f  c e r t a i n  o r g a n i c  l i q u i d s ,  p l o t t e d  v a l u e s  o f  r e f r a c t i v e  i n d e x  
d i r e c t l y  a g a i n s t  m o la r  c o m p o s i t i o n .  They o b s e r v e d  many e x a m p le s  
o f  s y s t e m a t i c  v a r i a t i o n  f ro m  a r i t h m e t i c  mean v a l u e s ,  and o b t a i n e d  
c u r v e s  show ing  i n  many c a s e s  maxima c o r r e s p o n d i n g  t o  i n t e r m o l e c u l a r  
co m p lex  f o r m a t i o n .  They d e t e c t e d ,  e . g . ,  c o m p le x e s  o f  p i p e r i d i n e  
w i t h  p h e n o l s ;  o f  a c e t i c  a c i d  w i t h  c e r t a i n  p r i m a r y ,  s e c o n d a r y  and
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t e r t i a r y  a m in e s  ( i n  s e v e r a l  c a s e s  c o r r e s p o n d i n g  t o  known s o l i d  
c o m p l e x e s ) ;  o f  a c e t i c  a c i d  ( l  m o l . )  w i t h  1 m o l .  o f  p h e n y l h y d r a z i n e ,: 
p i p e r i d i n e ,  p y r i d i n e ,  o r  q u i n o l i n e  r e s p e c t i v e l y ;  o f  a c e t i c  a c i d  
(2 m o l s . )  w i t h  a n i l i n e  ( l  m o l . ) ;  o f  a n i l i n e  ( l  m o l . )  w i t h  ( l  m o l . )  
p h e n o l  o r  o - c h l o r o p h e n o l ;  o f  f o r m i c  a c i d  (2 m o l s . )  w i t h  ( l  m o l . )  
a n i l i n e ,  mono- o r  d i m e t h y l a n i l i n e , p y r i d i n e  o r  q u i n o l i n e  r e s p e c t ­
i v e l y ;  an d  b e n z y l a m i n e  (1 m o l . )  w i t h  ( p r o b a b l y  1 m o l . )  t h y m o l ;  
an d  u n d e f i n e d  co m p lex e s  o f  q u i n o l  w i t h  o -  and  ] D -c h l o r o p h e n o l  * 
c r e s o l s ,  g u a i c o l  o r  t h y m o l ;  no c o m p le x e s  w ere  d e t e c t e d  b e t w e e n  
a n i l i n e  an d  £ - c h l o r o p h e n o l , c r e s o l s  o r  g u a i c o l .  E v i d e n c e  o f  
m o l e c u l a r  a s s o c i a t i o n  o f  a  s e c o n d  com ponen t  mixed w i t h  b e n z e n e  o r  
g o l u a n e  was o b t a i n e d  i n  some c a s e s .
C o n f i r m a t i o n  o f  C o m p l e x - f o r m a t i o n  b y  o t h e r  M e th o d s .
T h e re  w ere  t h u s  good g r o u n d s  f o r  b e l i e v i n g  t h a t  e i t h e r  
o f  t h e  p r e s e n t  m ethods  g i v e s  v a l i d  e v i d e n c e  o f  t h e  p r e s e n c e  o f  
h y d r o g e n -b o n d  c o m p l e x e s ,  b u t  i t  was c o n s i d e r e d  t h a t  c o n f i r m a t i o n  
o f  t h i s  b e l i e f  b y  a s  many o t h e r  i n d e p e n d e n t  m e th o d s  a s  p o s s i b l e  
would  b e  d e s i r a b l e .  A c c o r d i n g l y ,  a  v a r i e t y  o f  p r o c e d u r e s  h a s  
b e e n  a d o p t e d  i n  o r d e r  t o  c h e c k  t h e  v a l i d i t y  o f  t h e  e v i d e n c e  t h e  
a u t h o r  p r e s e n t s .  T h e se  i n c l u d e ;  ( a )  c o m p a r i s o n  w i t h  t h e  
c o m p o s i t i o n  o f  known s o l i d  c o m p l e x e s ;  ( b )  m o l e c u l a r  w e i g h t  
d e t e r m i n a t i o n s ;  ( c )  c o m p a r i s o n  w i t h  i n f r a - r e d  s p e c t r o p h o t o m e t r i c  
d a t a ;  ( d )  e x a m i n a t i o n  o f  compounds known t o  c o n t a i n  s t r o n g  c h e l a t e  
b o n d s ;  ( e )  a  s t u d y  o f  c e r t a i n  i n t e r a c t i o n s  i n  m o n o l a y e r s ;
( f )  c o m p a r i s o n  w i t h  c e r t a i n  s o r p t i o n  e x p e r i m e n t s  on s o l i d  s u b s t r a t e s ;
( g )  a n  e x a m i n a t i o n  o f  t h e  r e s u l t s  a s  a  w h o l e ,  t o  d e t e c t  w h e t h e r  
s i m p l e  i n t e g r a l  r a t i o s  o f  c o m b i n a t i o n  a r e  a lw a y s  r e t u r n e d ,  and t o
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e v a l u a t e  t h e i r  o v e r a l l  c o n s i s t e n c y  a n d  r e l a t i o n  t o  p r e v i o u s l y  
known b e h a v i o u r  o f  t h e  g r o u p s  and  m o l e c u l e s  c o n c e r n e d ;  ( h )  a 
f u r t h e r  s t u d y  o f  t h e  t h e o r e t i c a l  b a s i s  o f  t h e  c u r v e s  o b t a i n e d .
The r e s u l t s  o f  t h i s  work  a r e  now d i s c u s s e d  i n  d e t a i l .
( a )  S o l i d  c o m p l e x e s » -  I n  T a b l e  IA.& num ber  o f  s o l i d  
c o m p le x e s  b e tw e e n  a l c o h o l s  o r  p h e n o l s  an d  o t h e r  o r g a n i c  com pounds ,  
d e s c r i b e d  by  P f e i f f e r  ( nO r g a n i s c h e  M o l e k u l v e r b i n d u n g e n H, S t u t t g a r t ,  
P .  E n k e ,  2nd e d n . , 1932)  a r e  show n,  i n  c o m p a r i s o n  w i t h  i d e n t i c a l  
o r  c l o s e l y  s i m i l a r  c o m p le x e s  d e t e c t e d  i n  s o l u t i o n  b y  t h e  p r e s e n t  
m e t h o d s .
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T a b l e  IA.
I n t e r m o l e c u l a r  Complexes  o f  H y d r o x y l i c  Compounds.
Components
M o la r  R a t i o
A ld eh y d es  a n d  K e t o n e s
A c e t a l d e h y d e  + e t h a n o l  
B e n z a l d e h y d e  + e t h a n o l  
A c e to n e  + m e t h a n o l  
A c e to n e  + p h e n o l  
P i i s o b u t y l  k e t o n e  + p h e n o l
As s o l i d  
( P f e i f f e r )
1:1
1:2
I n  s o l u t i o n  










Urea  + p h e n o l 1:2 ( 1 : 1 ) ;  2 : 1 ;  1 : 3 ( K I ]
Amine
A n i l i n e  + p h e n o l 1:1 ( 1 : 2 )  (B)  x  ( ¥ )
C a r b o x y l i c  a c i d s
A c e t i c  a c i d  + p h e n o l  
B en z o ic  a c i d  + p h e n o l  
T r i c h l o r o a c e t i c  a c i d  + p h e n o l 1:1
1 : 1  (T )
1 : 1  (T )
E s t e r s
D i m e t h y l  o x a l a t e  + p h e n o l  
D i m e t h y l  t e r e p h t h a l a t e  + 
p h e n o l
E t h y l e n e  g l y c o l  d i b e n z o a t e  + 
p h e n o l
1 : 2 ;  1 : 4
1 : 4  (T )
1 : 4  (T )
Quinone
B en z o q u in o n e  + p h e n o l  1 : 2  ( 1 : 2 )  (T)
B e n z o q u in o n e  + qfa&nol 1:1 1 : 1  (D)
+ S o l v e n t s :  B = b e n z e n e ;  C = c a r b o n  t e t r a c h l o r i d e ;  D = T d i o x a n •
E = d i e t h y l  e t h e r ;  E l  = e t h a n o l ;  ¥  = w a t e r ,  
x  No com plex  d e t e c t e d .
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I t  d o e s  n o t  o f  c o u r s e  f o l l o w  t h a t  t h e  same t y p e  o f  com plex  
w i l l  a lw a y s  e x i s t  b o t h  i n  t h e  c r y s t a l l i n e  s t a t e  and  i n  s o l u t i o n ,  
and i n  f a c t  a number  o f  ex am p les  i n  T a b l e  IA show t h a t  t h e  s o l v e n t  
i t s e l f  may q u i t e  p r e v e n t  i n t e r a c t i o n .  ( T h i s  p o i n t  w i l l  b e  c o n s i d e r e d  
more f u l l y  i n  S e c t i o n  2 ) .  N e v e r t h e l e s s ,  t h e r e  i s  good a g r e e m e n t  
b e tw e e n  t h e  d a t a  f r o m  t h e  d i f f e r e n t  s o u r c e s .
I t  was hoped t h a t  t h i s  i n f o r m a t i o n  c o u l d  b e  s u p p le m e n t e d  
by  e x a m i n a t i o n  o f  s o l i d  c o m p le x e s  p r e p a r e d  f ro m  t h e  s o l u t i o n s  u s e d  
i n  t h e  p r e s e n t  work .  O n ly  two s u ch  s o l u t i o n s  h a v e  a c t u a l l y  b e e n  
fo und  s a t i s f a c t o r i l y  t o  d e p o s i t  s o l i d  c o m p l e x e s ,  v i z . ,  e t h e r  o r  
t o l u e n e  s o l u t i o n s  o f  d i e t h y l a m i n e  w i t h  £ - n i t r o p h e n o l  and  r e s o r c i n o l  
r e s p e c t i v e l y .  T h e se  co m p lex es  when p r e v i o u s l y  p r e p a r e d  ( G i l e s ,
Rose and Y a l l a n c e ,  J . G . S . , 1952 ,  3799)  r e t u r n e d  a n a l y s e s  n o t  e x a c t l y  
c o r r e s p o n d i n g  t o  a n  i n t e g r a l  r a t i o  o f  t h e  co m p o n e n t s .  The d i s ­
c r e p a n c i e s  w ere  a t t r i b u t e d  t o  p o s s i b l e  s e l e c t i v e  s o l u t i o n  o f  one 
component  b y  t h e  w a s h in g  s o l v e n t .  The p r e p a r a t i o n s  w ere  carr i -ed-  
o u t  w i t h  s u i t a b l e  p r e c a u t i o n s  and  t h e  e l e m e n t a r y  a n a l y s e s  c o r r e s p o n d  
w i t h  i n t e g r a l  r a t i o s  o f  c o m p o n en ts  ( 1 : 2  i n  b o t h  c a s e s ) .  On a c c o u n t  
o f  p r e c i p i t a t i o n ,  r e f r a c t i v e  i n d e x  m e a s u re m e n t s  c a n n o t  b e  c a r r i e d  
o u t  w i t h  s o l u t i o n s  i n  t h e  same s o l v e n t  u se d  f o r  t h e i r  p r e p a r a t i o n ,  
b u t  b y  u s i n g  d i o x a n  a s  a  s o l v e n t  i n  w h ic h  t h e  c o m p le x e s  a r e  q u i t e  
s o l u b l e ,  no  p r e c i p i t a t i o n  o c c u r s  and c u r v e s  c a n  b e  o b t a i n e d  ( P i g . 4 A )  
w h ic h  show c h a n g e s  o f  s l o p e  c o r r e s p o n d i n g  t o  t h e  a n a l y s e s  o f  t h e  
s o l i d s ,  th o u g h  i n  one c a s e  ( r e s o r c i n o l )  t h e  c h a n g e  i s  n o t  v e r y  
d e f i n i t e .  S o l u t i o n s  i n  w a t e r  g i v e  e v i d e n c e  o f  c o m p le x e s  o f  
d i f f e r e n t  i n t e g r a l  r a t i o s .
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( b )  M o l e c u l a r  w e i g h t  d e t e r m i n a t i o n , -  P o u r  p a i r s  o f  compounds 
w ere  s e l e c t e d  f o r  e x a m i n a t i o n  b y  t h e  f . p .  method i n  b e n z e n e .  One 
o f  t h e s e ,  a z o b e n z e n e  + p h e n o l ,  was c h o s e n  b e c a u s e ,  when examined 
by b o t h  t h e  p r e s e n t  m ethods  ( s e e  a b o v e )  i t  a p p e a r s  t o  f o rm  two 
d i s t i n c t  c o m p le x e s  o f  d i f f e r e n t  r a t i o ;  t h e  o t h e r  t h r e e ,  b e c a u s e  
t h e y  a p p e a r  t o  fo rm  c o m p le x e s  b y  t h e  l e s s  common mechanism  o f  
b o n d i n g  t h r o u g h  h y d ro g e n  a t t a c h e d  t o  c a r b o n .  Prom d a t a  p l o t t e d  on 
t h e  b a s i s  shown ( P i g s .  6A-9A) v i z . , a p p a r e n t  m o l .w t .  o f  combined 
s o l u t e  vs.. m o la r  r a t i o ,  t h e  p r e s e n c e  o f  a n  i n t e r m o l e c u l a r  com plex  
s h o u l d  n o r m a l l y  b e  d e m o n s t r a t e d  by  a  maximum i n  t h e  c u r v e  a t  t h e  
a p p r o p r i a t e  r a t i o ( s ) .  I n  f a c t ,  a l l  t h e  e x p e c t e d  d i s c o n t i n u i t i e s  
a r e  e v i d e n t ,  t h o u g h  i n  t h r e e  o f  t h e  f i v e  i n s t a n c e s  t h e y  a r e  o n ly  
j u s t .  s o .  I n  two s y s t e m s  ( P i g s .  7A and 8A) minima a r e  o b t a i n e d ,  
i . e . ,  com plex  f o r m a t i o n  lo w e r s  t h e  a p p a r e n t  m o l e c u l a r  w e i g h t .  Low 
mol .  w t .  v a l u e s  c a n  b e  a t t r i b u t e d  t o  s o l v a t i o n  o f  s o l u t e  b y  s o l v e n t  
( c f .  Skau  and  Wakeham i n  " P h y s i c a l  M ethods  o f  O r g a n i c  C h e m i s t r y "
V o l .  I ,  ed :  W e i s s b e r g e r ,  New Y o rk ,  I n t e r s c i e n c e  P u b l i s h e r s ,  I n c . ,
1 9 4 5 .  Chap.  1 ) .  The a z o b e n z e n e - p h e n o l  s y s t e m  i s  c l e a r l y  made 
c o m p le x  b y  a s s o c i a t i o n  o f  t h e  p h e n o l  i t s e l f  and t h e  c u r v e  i s  
d i f f i c u l t  t o  i n t e r p r e t .  Even s o ,  t h e  d i s c o n t i n u i t i e s  a r e  ab o v e  t h e  
t h e o r e t i c a l  l i n e  f o r  no c o m b i n a t i o n ,  and monomeric  p h e n o l  m o l e c u l e s .  
The h i g h  i n t e r m e d i a t e  s e c t i o n s  o f  t h e  c u r v e  must  r e p r e s e n t  c o m p le x -  
s e p a r a t i o n  on f r e e z i n g ,  w h ich  c a n  i n  f a c t  be o b s e r v e d  owing t o  t h e  
c o l o u r  o f  a z o b e n z e n e .
I t  may a l s o  b e  m en t io n e d  t h a t  P u s h i n  and  M a t a v u l j  ( l o c . c i t . ) 
c o n f i r m e d  t h e  m o la r  r a t i o s  o f  co m p le x e s  d e t e c t e d  i n  b i n a r y  l i q u i d
n
m i x t u r e s ,  by  f . p .  d e t e r m i n a t i o n s ,  and L a u r e n t  ( Compt. refd . , 1 9 5 5 ,
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2 0 1 , 5 54 )  o b t a i n e d  a s o l i d  co m p le x  o f  p h e n o l  and  a n i l i n e  w i t h  a 
m o l a r  r a t i o  ( 2 : 1 ) t h e  same a s  f o u n d  b y  d i e l e c t r i c  c o n s t a n t  d e t e r ­
m i n a t i o n ,  and  a l s o  c o n f i r m e d  b y  c r y o s c o p i c  m e a s u re m e n t .
( c )  I n f r a - r e d  s p e c t r o p h o t o m e t r y . P l e t t  ( J . S . D . O . ) 1 9 5 2 , 6 8 , 5 9 )  
and  T s u b o i  ( B u l l .  Cheif.ocJ a p a n . 1 9 5 2 ,  25., 60 )  have  g i v e n  th e r m o d y n a ­
mic  d a t a  f o r  h y d r o g e n -b o n d  f o r m a t i o n  b e t w e e n  p a i r s  o f  a rm m a t ic  
compounds i n  c a r b o n  t e t r a c h l o r i d e  s o l u t i o n s ,  o b t a i n e d  b y  i n f r a - r e d  
s p e c t r o p h o t o m e t r y .  They d e t e r m i n e d  h e a t s ,  e t c . ,  o f  r e a c t i o n  by  
t h e  method o f  m e a s u r i n g  t h e  ch an g e  i n  h e i g h t  o f  a n  a b s o r p t i o n  band  
w i t h  ch a n g e  i n  t e m p e r a t u r e .  T h i s  d o es  n o t  a c t u a l l y  g i v e  a n  
u n e q u i v o c a l  m e a s u re  o f  t h e  r a t i o  o f  com ponen ts  i n  t h e  c o m p lex ,  b u t  
t h i s  r a t i o  c a n  u s u a l l y  b e  e s t i m a t e d ,  a t  l e a s t  i f  t h e  number  o f  
p a r t i c i p a t i n g  m o l e c u l e s  i s  n o t  more t h a n  a b o u t  t h r e e  o r  f o u r ,  f rom  
t h e  m a g n i t u d e  o f  t h e  h e a t  c h a n g e s .  I n  T a b le  2A some o f  P l e t t * s  
and  T s u b o i * s  d a t a  f o r  compounds m os t  r e s e m b l i n g  t h o s e  t h e  a u t h o r  
h a s  e x a m in e d ,  a r e  compared w i t h  t h e  p r e s e n t  r e s u l t s .  The s y s t e m s  
s t u d i e d  a r e  c l o s e l y  s i m i l a r  and  i n  one exam ple  ( a z o b e n z e n e  + b e n z y l  
a l c o h o l ,  c . f .  P i g .  5A) a r e  i n  f a c t  i d e n t i c a l .  I n  a l l  c a s e s  t h e  two 
m ethods  g i v e  p a r a l l e l  r e s u l t s .
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T a b l e  2A.
C o m p ar i so n  o f  p r e s e n t  r e s u l t s  w i t h  P l e t t * s  and I F s u b o i ' s
d e t e r m i n a t i o n s .
M o la r  r a t i o  and S o l v e n t
Complex b e tw e e n
x  x
P l e t t  ( o )  T s u b o i  ( e )  P r e s e n t  Method
nizole,  b e n z y l  a l c o h o l 1:1 ( ? )
nisole,  p h e n o l 1:1 (B)
enzaldehyde, p h e n o l 1:1 ( ? ) 1:1 0 0
lenzyl a c e t a t e ,  p h e n o l 1:1 ( ? )
IsoPropyl a c e t a t e ,  p h e n o l 1:1 (T)
R-n-Butylpropionamide, 
d ie  t h y  l a  mine
1:1 (T)
I -n -B u ty lp rop ionam ide , 
e t h a n o l
1:1 (T)
l i ie thylf  o rm a m id e , 
d i e t h y l a m i n e
1:1 (B)
^methyl f  o rm a m id e , 
d ip h e n y la m in e
1:1 ( ? )
^fflethylformamide, p h e n o l 1:1 ( ? ) 1:1 (B;D;¥)
izotenzene, b e n z y l a l c o h o l 1:1 ( ? ) 1:1 ( 0 )
Nitrobenzene, p h e n o l 1:1 ( ? ) 1 :2 (B)
; Ratios assum ed
Solvents: B = b e n z e n e ;  C = c a r b o n  t e t r a c h l o r i d e ;  D = d i o x a n ;
T = t o l u e n e ;  ¥  = w a t e r
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I n  t h e  p r e s e n t  work a s e r i e s  o f  "b ina ry  s o l u t i o n s  ( 0 . 2 M . ) o f  
a z o b e n z e n e  and p h e n o l  i n  c a r b o n  t e t r a c h l o r i d e  was exam ined  i n  two 
i n f r a - r e d  s p e c t r o p h o t o m e t e r s .  I n  a d o u b l e - b e a m  a p p a r a t u s  ( B r o w n l i e ,  
J .  S c i . I n s t r u m . , 1 9 5 0 ,  2 7 ,  2 15 )  w i t h  a sod ium  c h l o r i d e  p r i s m ,  t h e  
h e i g h t  o f  t h e  main  "band o f  t h e  f u n d a m e n t a l  O H - s t r e t c h i n g  f r e q u e n c y  
was r e c o r d e d ,  and i n  a  s i n g l e - b e a m  a p p a r a t u s ,  w i t h  a  q u a r t z  p r i s m ,  
t h e  h e i g h t  o f  t h e  f i r s t  o v e r t o n e  o f  t h e  O H - s t r e t c h i n g  f r e q u e n c y  was 
r e c o r d e d .  An a t t e m p t  was made t o  p l o t  t h e  v a l u e s  o b t a i n e d  a g a i n s t  
t h e  m o l a r  r a t i o s  o f  s o l u t e s ,  b u t  u n f o r t u n a t e l y  i n  b o t h  c a s e s  t h e  
e x p e r i m e n t a l  e r r o r s  i n  t h e  i n t e n s i t y  m ea s u re m e n t s  p ro v e d  t o  b e  
g r e a t e r  t h a n  an y  s y s t e m a t i c  v a r i a t i o n s  due t o  s o l u t e  i n t e r a c t i o n ,  
and  no f i r m  c o n c l u s i o n s  c o u l d  be  d raw n  f ro m  t h e  r e s u l t s .
( d )  C h e l a t e d  compounds . -  I f  t r u e  c o m p le x  f o r m a t i o n  i s  shown 
b y  t h e s e  m e t h o d s ,  t h e n  t h e  m ask in g  o f  t h e  r e a c t i v i t i e s  o f  p a i r s  o f  
i n d i v i d u a l  g r o u p s  i n  a m o l e c u l e  b y  c h e l a t i o n  s h o u ld  be  c a p a b l e  o f  
d e m o n s t r a t i o n  t h e r e b y ,  s i n c e  i t  w i l l  l e a d  t o  a c o r r e s p o n d i n g  
r e d u c t i o n  i n  t h e  number o f  p o s s i b l e  i n t e r m o l e c u l a r  b o n d s .  T h i s  h a s  
b e e n  t e s t e d  an d  fo und  t o  a p p l y  i n  a  number  o f  c a s e s ,  w h ic h  w i l l  b e  
d i s c u s s e d  i n  S e c t i o n  2 ,  b u t  a  p a r t i c u l a r  exam ple  may b e  q u o t e d  h e r e .  
T h i s  i s  t h e  e v i d e n c e  t h a t  p h e n o l  f o r m s ,  w i t h  n i t r o b e n z e n e ,  
2 - n i t r o p h e n o l  and o - n i t r o p h e n o l , 2 : 1 , 3 : 1  and  1 : 1- c o m p l e x e s , 
r e s p e c t i v e l y  ( F i g . l O A ) .  T h ese  a r e
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f o r m u l a t e d  i n  P ig* 11A 
p ^ o H  o  0  l-topf*
H°P&
I
P i g .  11A. Complexes  b e t w e e n  P h e n o l  an d  N i t ro c o m p o u n d s .
( e )  M o n o la y e r  e x p e r i m e n t s . -  H y d ro g en -b o n d  f o r m a t i o n  b e t w e e n  
some o f  t h e  t y p e s  o f  m o l e c u l e  u s e d  i n  t h e  p r e s e n t  work h a s  b e e n  
d e t e c t e d  by  i n t e r a c t i o n s  i n  m o n o la y e r s  on v a r i o u s  a q u e o u s  s o l u t i o n s
( G i l e s  and N e u s t a d t e r ,  J . C . S ; 1 9 5 2 ,  3 8 0 6 ;  A l l i n g h a m ,  G i l e s  and
N e u s t a d t e r ,  F a r a d a y  S o c i e t y  D i s c u s s i o n ,  1 9 5 3 ,  i n  t h e  p r e s s ;
Cam eron ,  u n p u b l i s h e d ) .  The r e s u l t s  o f  e x p e r i m e n t s  b y  t h e  d i f f e r e n t  
p r o c e d u r e s  a r e  i n  some c a s e s  d i r e c t l y  c o m p a r a b l e .  P a r t i c u l a r  
ex am p le s  a r e  a s  f o l l o w s :
( i )  Q u in o l  a s  s o l u t e  i n  t h e  w a t e r  p h a s e  g r e a t l y  i n c r e a s e s
o f  q u i n o l .  I n  a g r e e m e n t  w i t h  t h i s ,  a s u l p h o n a t e d  b e n z e n e -  
a z o - n a p h t h o l  compound and a c e t a m i d e  b o t h  show e v i d e n c e  o f  
2 : 1- c o m p le x e s  w i t h  q u i n o l  i n  w a t e r .
( i i )  Some d i h y d r i c  p h e n o l s  o f  l a r g e  m o l e c u l a r  s i z e  a s  s o l u t e s
i n  t h e  w a t e r  p h a s e  g r e a t l y  i n c r e a s e  t h e  a p p a r e n t  m o l e c u l a r
i» tf
t!
a p p a r e n t  m o l e c u l a r  a r e a  o f  m o n o la y e r s  o f  a l k y l  b e n z e n e a z o -  
- n a p h t h o l  and N - a l k y l a e e t a m i d e  d e r i v a t i v e s ;  t h i s  i s
Aa t t r i b u t e d  t o  c r o s s - l i n k i n g  t h r o u g h  t h e  p h e n o l i c  g r o u n d s
-  66 -
a r e a  o f  a  m o n o la y e r  o f  a  s u r f a c e - a c t i v e  b e n z o q u i n o n e  
d e r i v a t i v e ,  “b u t  q u i n o l  i t s e l f  p r o d u c e s  o n l y  a s l i g h t  
i n c r e a s e .  T h i s  i s  a t t r i b u t e d  t o  1 : 1 - q u i n h y d r o n e  com plex  
f o r m a t i o n  i n  w h ic h  s o l u t e  and  m o n o la y e r  m o l e c u l e s  l i e  
c l o s e - p a c k e d  s i d e - h y - s i d e .  I n  c o n f i r m a t i o n ,  a 1 : 1 -  
c o m p lex  i s  d e m o n s t r a t e d  b y  r e f r a c t i v e  i n d e x  m e a su rem en ts  
on b e n z e n o q u i n o n e - q u i n o l  s o l u t i o n s  i n  d i o x a n  ( F i g . l 7 A ) .  
W a te r  c a n n o t  b e  u s e d  b e c a u s e  t h e  q u i n h y d r o n e  com plex  
i m m e d i a t e l y  s e p a r a t e s  o u t  f ro m  a q u e o u s  s o l u t i o n s .
( i i i ) T h e  e v i d e n c e  o f  t h e  p r e s e n t  m ethods  r e g a r d i n g  t h e  b o n d i n g  
o f  h y d ro g e n  a t t a c h e d  t o  c a r b o n  i n  t h e  a c e t y l  and o t h e r  
e s t e r  g r o u p s  and t h e  b o n d i n g  p r o p e r t i e s  o f  c a r b o h y d r a t e s  
i n  w a t e r  i s  s u p p o r t e d  b y  m o n o la y e r  e x p e r i m e n t s .  T h i s  i s  
d i s c u s s e d  i n  S e c t i o n  2 and e l s e w h e r e  ( A l l i n g h a m  e t  a l , 
l o c . c i t . ) .
( f )  S o r p t i o n  E x p e r i m e n t s . -  The h e a t  c h a n g e s  a s s o c i a t e d  w i t h  
s o r p t i o n  o f  p h e n o l  f ro m  w a t e r  s o l u t i o n  on n y l o n  o r  c e l l u l o s e  
a c e t a t e  l e n d  s u p p o r t  t o  t h e  d e d u c t i o n s  made d i r e c t l y  f ro m  t h e  
r e s u l t s  o f  t h e  p r e s e n t  work .  T h i s  i s  d i s c u s s e d  i n  S e c t i o n  2 .
( ( g )  C o n s i s t e n c y  o f  r e s u l t s . -  More t h a n  270 p a i r s  o f  s u b s t a n ­
c e s  h av e  now b e e n  examined by  t h e  two p r e s e n t  m e th o d s .  Many o f  
t h e s e  show more t h a n  one ch a n g e  o f  s l o p e  i n  t h e  c u r v e .  I n  
e v e r y  c a s e  t h e s e  c h a n g e s  o c c u r  a t  s i m p l e  i n t e g r a l  m o la r  r a t i o s ,  
w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r .  M o re o v e r ,  i n  a l m o s t  
a l l  c a s e s ,  t h e  f o r m a t i o n  o f  t h e  c o m p le x e s  c a n  b e  e x p l a i n e d  by  
a s i m p l e  i n t e r p r e t a t i o n
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o f  t h e  known "b eh av io u r  o f  t h e  g r o u p s  c o n c e r n e d .  T h i s  m a t t e r  
w i l l  "be d i s c u s s e d  f u l l y  i n  s e c t i o n  2 .  P a r t i c u l a r  c o m p a r i s o n  
may h e  made,  on t h e  one h a n d ,  o f  t h e  d o n o r  p r o p e r t i e s  o f  0 
an d  N a t o m s ,  a s  r e v e a l e d  by  t h i s  w o rk ,  e . g . ,  ( a ) h o t h  N and H 
a to m s  i n  d i e t h y l a m i n e  and  b o t h  0 a to m s  i n  t h e  n i t r o  g r o u p  may 
co m b in e  s i m u l t a n e o u s l y  w i t h  p h e n o l ,  and  (b )  t h e  q u in o n e  o r  
k e t o -0 a to m  may fo rm  two i n t e r m o l e c u l a r  b o n d s  s i m u l t a n e o u s l y ;  
a n d ,  on t h e  o t h e r  h a n d ,  o f  c e r t a i n  p a r a l l e l  c o n c l u s i o n s  f ro m  
X - r a y  and  i n f r a - r e d  m e asu rem en ts  (S ee  P a u l i n g ,  op .  c i t . ) .  The 
l a t t e r  show t h a t  b o t h  0 and  H a to m s  i n  t h e  h y d r o x y - g r o u p s  i n  t h e  
r e s o r c i n a l  c r y s t a l  c a n  b e  i n t e r m o l e c u l a r l y  b onded  a t  t h e  same 
t i m e * t h a t  b o t h  oxygen  a tom s i n  t h e  n i t r o - g r o u p  c a n  i n t ^ g m o l c u -  
l a r l y  bond  w i t h  h y d r o x y - g r o u p s ,  s i m u l t a n e o u s l y ,  and  t h a t  a n  
oxygen  a tom  o f  a n t h r a q u i n o n e  c a n  c h e l a t e  w i t h  two h y d r o x y - g r o u p s  
a t  o n c e .
( h )  T h e o r e t i c a l  T r e a t m e n t . -T h e  t h e o r e t i c a l  t r e a t m e n t  g i v e n  
b y  G i l e s ,  Rose  and  V a l l a n c e  ( J . G . S . , 1 9 5 2 ,  3799)  (A p p e n d ix )  
showed t h a t  l i n e a r  c u r v e s  w i t h  a  c h a n g e  o f  s l o p e  a t  t h e  p o i n t  
o f  com plex  f o r m a t i o n  a r e  t o  b e  e x p e c t e d  i f  t h e  v a l u e  o f  K f o r  
t h e  r e a c t i o n  i s  h i g h ,  i . e .  i f  t h e  com plex  i s  v e r y  s t a b l e ,  and  i n  
t h e  p a r t i c u l a r  c a s e  o f  a 1 : 1 - c o m p le x .  Many o f  t h e  com p lex es  now 
d e t e c t e d ,  h o w e v e r ,  c a n n o t  b e  v e r y  s t a b l e ,  a n d  i n d e e d  P l e t t  
( l o c . c i t . )  has  a l r e a d y  shown t h a t  i n  12 b i n a r y  s y s t e m s  ( i n  
c a r b o n  t e t r a c h l o r i d e ) , s i m i l a r  t o  t h e s e  t h e  a u t h o r  h as  examined 
t h e  v a l u e s  o f  K a r e  o f t e n  q u i t e  lo w ,  t h e  l o w e s t ,  a t  room 
t e m p e r a t u r e ,  b e i n g  3 . 8 2 ,  y e t  t h e  p r e s e n t  c u r v e s  a r e  a lw a y s
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a p p a r e n t l y  l i n e a r ,  w i t h i n  t h e  l i m i t s  o f  a c c u r a c y  o f  t h e  m e th o d .
I t  was t h e r e f o r e  n e c e s s a r y  t o  r e - e x a m i n e  t h e  t h e o r e t i c a l  b a s i s  o f  
t h e  method i n  a n  e n t i r e l y  g e n e r a l  way w i t h  a  v ie w  t o  d e t e r m i n i n g  
w h e t h e r  u n s t a b l e  co m p lex e s  a l s o  s h o u l d  b e  t h e o r e t i c a l l y  d e t e c t a b l e .  
A t  t h e  same t i m e  t h e  o p p o r t u n i t y  was t a k e n  t o  exam ine  c a s e s  w here  
a  com plex  o t h e r  t h a n  1:1 r a t i o ,  o r  more t h a n  one com plex  p r e s e n t  
s i m u l t a n e o u s l y  o c c u r .
A f u l l e r  t r e a t m e n t  i s  g i v e n  i n AA p p e n d ix  w h ic h  h as  b e e n  s u b m i t ­
t e d  t o  J . G . S . , t o g e t h e r  w i t h  t h e  p a p e r ,  b u t  t h a t  i t  i s  t o o  l o n g  t o  
q u o t e  i n  f u l l .  The m a t h e m a t i c a l  a n a l y s i s  was k i n d l y  made by  
Mr. J . G .  E a t o n .  I t  i s  t h e r e  shown t h a t  t h e  g r a p h  o f  t h e  p h y s i c a l  
c o n s t a n t  u s e d  a g a i n s t  s o l u t e  m o l a r  r a t i o ,  c a n  b e  e x p r e s s e d  s i m p l y
i n  t e r m s  o f  a  d e v i a t i o n  z ( s x y - s x - s y )  w h ere  z i s  t h e  number  o f
sm o l e c u l e s  o f  com plex  Xin Yn f o r m e d ,  and  xy e t c . ,  a r e  t h e  s l o p e s  o f  
t h e  c u r v e s  f o r  t h e  c o n s t a n t s  o f  t h e  r e s p e c t i v e  i n d i v i d u a l  compon­
e n t s  o f  t h e  s o l u t i o n .  The g r a p h  o f  z a g a i n s t  t h e  number o f  
m o l e c u l e s  o f  X p r e s e n t ,  c o n s i s t s  o f  two s t r a i g h t  l i n e s ,  i n t e r s e c t i n g  
a t  t h e  p o i n t  c o r r e s p o n d i n g  t o  t h e  c o m p o s i t i o n  o f  t h e  co m p le x ,  o n l y  
o f  K=w&, b u t  f o r  a l l  v a l u e s  o f  K t h e  g r a p h  h a s  a s i n g l e  maximum 
a t  t h i s  same p o i n t .  T h i s  w i l l  g i v e  a  maximum o r  a  minimum i n  t h e  
c u r v e s  a s  p l o t t e d  i n  t h i s  w o rk ,  a c c o r d i n g  a s  t h e  v a l u e  o f  
( Sx y - Sx - S y )  i s  p o s i t i v e  o r  n e g a t i v e .  Thus i n  t h e  s p e c i a l  c i r c u m s t a n ­
c e  w here  ^xy  = ^x + ^ y ,  i . e .  , w here  t h e  p h y s i c a l  c o n s t a n t  o f  t h e  
c om plex  i s  t h e  a d d i t i v e  v a l u e  o f  t h e s e  o f  i t s  c o m p o n e n t s ,  no 
d e v i a t i o n  a t  a l l  s h o u ld  o c c u r .  T h i s  h a s  b e e n  e x p e r i e n c e d  i n  
p r a c t i c e  a s  r e c o r d e d  b e l o w ,  b u t  i t  a p p e a r s
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t o  t a k e  p l a c e  o n l y  a t  one t e m p e r a t u r e ,  and  a t  t e m p e r a t u r e s  above  
and  b e lo w  t h i s ,  d e v i a t i o n s  a r e  o b s e r v e d .  The g r a p h s  f o r  a l l  t h e  
s y s t e m s  s t u d i e d  a r e  t h u s  s t r i c t l y  n o t  l i n e a r ,  b u t  i t  w i l l  b e  s e e n  
f ro m  t h e  f i g u r e s  t h a t  t h e  d e v i a t i o n s  f ro m  l i n e a r i t y  a r e  b a r e l y  
d i s c e r n i b l e .
The a r g u m e n t  may b e  e x t n n d e d  t o  c a s e s  i n  w h ic h  two com pounds ,  
X and Y, com bine  t o  fo rm  more t h a n  one c o m p le x ,  e . g . ,  XY and X^Y. 
H ere  t h e r e  a r e  two e q u i l i b r i a  c o - e x i s t i n g  i n  t h e  s o l u t i o n
X + Y = XY, and  
XY +X = XgY,
and  t h e  c o n c e n t r a t i o n s  o f  t h e  r e a c t a n t s  w i l l  a d j u s t  t h e m s e l v e s  so  
t h a t  t h e  e q u i l i b r i u m  c o n s t a n t s  i n  t h e  m i x t u r e  a r e  t h e  same a s  i n  t h e  
s e p a r a t e  s y s t e m s .  The c u r v e  c a n  t h e r e f o r e  b e  d i v i d e d  i n t o  h a l v e s ,  
one  o f  w h i c h ,  b e t w e e n  X = Y and  X = 0 h a s  no c h a n g e  o f  s l o p e ,  and 
t h e  o t h e r  b e t w e e n  X = Y and Y = 0 has  one c o r r e s p o n d i n g  t o  XgY.
A s i m i l a r  t r e a t m e n t  may, i n  f a c t ,  be  a p p l i e d  t o  c o n d i t i o n s  w here  
more t h a n  two c o m p lex es  c a n  b e  f o r m e d ,  and i n  t h e  p r e s e n t  work 
( s e c t i o n  2 j a s  many a s  t h r e e  h av e  so m e t im es  b e e n  d e t e c t e d  i n  t h e  same 
s o l u t i o n .
A l l  o f  t h e  t e s t s  a p p l i e d  hav e  t h e r e f o r e  s u p p o r t e d  t h e  i n t e r p r e ­
t a t i o n s  o f  t h e  r e s u l t s  g i v e n  b y  t h e  p r e s e n t  m e th o d s .  The new 
p r o c e d u r e s  t h e r e f o r e  a p p e a r  t o  o f f e r  a r e l i a b l e  and s i m p l e  means o f  
s t u d y i n g  t h e  h y d r o g e n - b o n d i n g  p r o p e r t i e s  o f  o r g a n i c  compounds o f  
many t y p e s ,  and i n  t h e  s u c c e e d i n g  s e c t i o n  t h e  r e s u l t s  o f  t e s t s  w i t h  
a w id e  v a r i e t y  o f  compounds w i l l  be  g i v e n  and  d i s c u s s e d .
S u r v e y  o f  Methods o f  D e t e c t i o n  o f  H ydrogen  B o n d s . -  A f u l l e r
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d e s c r i p t i o n  o f  many o f  t h e s e  m ethods  i s  g i v e n  i n  a  r e v i e w  "by 
H u n t e r  (Ann, R e p o r t s ,1 9 4 6 ,  4 5 , 1 4 1 ) .  At t h i s  p o i n t  i t  i s  a p p r o p i a t e  
t o  e v a l u a t e  t h e  u t i l i t y  o f  t h e  p r e s e n t  m ethods  i n  c o m p a r i s o n  w i t h  
t h o s e  h i t h e r t o  u s e d  f o r  d e t e c t i n g  h y d r o g e n - h o n d s . T h e se  and  t h e i r  
a p p l i c a b i l i t y  may b e  sum m ar ised  a s  f o l l o w s : -
( a ) R a d i a t i on  M e th o d s . -  E l e c t r o n  d i f f r a c t i o n  ( l o w  p r e s s u r e )  
vapours ) ;  X - r a y  d i f f r a c t i o n  ( c r y s t a l s ) ;  i n f r a - r e d  s p e c t r o p h o m e t r y  
( v a p o u r s  p u r e  l i q u i d s ,  s o l u t i o n s ,  s o l i d s ) .
( b ) M ethods  i n v o l v i n g  S t u d i e s  o f  V a r i o u s  P h y s i c a l  and C h em ica l  
Pr o p e r t i e s . - e . g .  , f . p . ,  b . p . , o r  s o l u b i l i t y  d e t e r m i n a t i o n s  on p u r e  
s u b s t a n c e s  and  o b s e r v a t i o n s  o f  c h e m i c a l  r e a c t i v i t y  ( d e t e c t i o n  o f  
a s s o c i a t i o n  and  i n t e r m o l e c u l a r  b o n d i n g ) ;  M easu rem en t  o f  m u tu a l  
s o l u b i l i t i e s  o f  a c c e p t o r  and  d o n o r  com pounds ,  and o f  d i e l e c t r i c  
c o n s t a n t  o r  r e f r a c t i v e  i n d e x  o f  b i n a r y  l i q u i d  m i x t u r e s .
P r e s e n t  M e th o d s . -  The p r e s e n t  p r o c e d u r e s  a p p e a r  somewhat more 
v e r s a t i l e  t h a n  m ost  o f  t h e  o t h e r  m e thods  l i s t e d  a b o v e .  They c a n  
b e  u s e d  w i t h  an y  s u b s t a n c e  w h ic h  c a n  b e  b r o u g h t  i n t o  s o l u t i o n  
i n  e i t h e r  a n  o r g a n i c  s o l v e n t  o r  w a t e r  t o  a c o n c e n t r a t i o n  w h ich  may 
b e  a t  l e a s t  a s  low a s  0 . 0 1  M . , and t h e  t o t a l  vo lume o f  s o l u t i o n  
r e q u i r e d  f o r  c o m p l e t e  e x a m i n a t i o n  may, w i t h  s u i t a b l e  a p p a r a t u s ,  
b e  r e d u c e d  t o  l e s s  t h a n  2 c . c .  M o r e o v e r ,  i n  many c a s e s  t h e y  
a p p e a r  c a p a b l e  o f  g i v i n g  i n f o r m a t i o n  n o t  d e t e r m i n a b l e ,  o r  
d e t e r m i n a b l e  o n l y  w i t h  d i f f i c u l t y ,  by  o t h e r  m e th o d s .  Even i n f r a ­
r e d  s p e c t r o s c o p y ,  p e r h a p s  now t h e  most  w i d e l y  u sed  m e th o d ,  c a n n o t  
s a t i s f a c t o r i l y  b e  employed w i t h  s u c h  a v a r i e t y  o f  s o l v e n t s  a s  c a n  
t h e  p r e s e n t  method and  r e q u i r e s  c o s t l y  and  e l a b o r a t e  e q u ip m e n t .
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I n  s e c t i o n  2 i t  i s  shown t h a t  t h e  n a t u r e  o f  t h e  s o l v e n t  may h e  
v e r y  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  t y p e  o f  i n t e r m o l e c u l a r  com plex  
f o r m e d ,  and  b y  s t u d y i n g  t h e  i n f l u e n c e  o f  d i f f e r e n t  s o l v e n t s  upon  
a  g i v e n  s y s t e m ,  u s e f u l  i n f o r m a t i o n  c a n  b e  o b t a i n e d  upon  t h e  
r e l a t i v e  s t r e n g t h  o f  a  number  o f  i n t e r -  and i n t r a - m o l e c u l a r  b o n d s .
The r e s u l t s  a r e  m os t  c o n s i s t e n t l y  e x p l a i n e d  i n  t e r m s  o f  
h y d r o g e n  b o n d i n g  and  t h e r e  a p p e a r s  l i t t l e  o r  no r e a s o n  t o  s u p p o s e  
t h a t  o t h e r  fo rm s  o f  i n t e r m o l e c u l a r  a s s o c i a t i o n  a r e  r e s p o n s i b l e  f o r  
t h e  e f f e c t s  o b s e r v e d .
EXPERIMENTAL.
M a t e r i a l s . -  The o r g a n i c  s o l v e n t s  u s e d  w ere  d r i e d  b y  t h e  u s u a l  
m e t h o d s ,  i n  t h e  l a b o r a t o r y ,  e x c e p t  d i o x a n ,  w h ich  was o>f t h e  
" s p e c i a l l y  d r i e d "  q u a l i t y  ( B . D . H . ) u s e d  f o r  K a r l  P i s h e r  t i t r a t i o n s .  
I n s t r u m e n t s . -  The d i e l e c t r i c  c o n s t a n t  m e t e r  ( F i g . l 2 A )  u s e d  i n  t h e  
p r e s e n t  w ork  i n c o r p o r a t e s  a Y 63 e l e e t r o n - r a y  ( " m a g i c - e y e " )  t u n i n g  
i n d i c a t o r  and i s  b a s e d  on t h e  c i r c u i t s  u se d  b y  A l e x a n d e r  ( E l e c t r o n i c s  
3.945, 1 8 ,  N o .4 ,  1 1 6 ) ,  B en d e r  ( J .C h e m . E d u c . , 1 9 4 6 ,  23_, 1 7 9 ) ,  and 
F i s c h e r  ( A n a l . C h e m . , 1 9 4 7 ,  1 9 , 8 3 5 ) .  The t r i o d e  p o r t i o n  o f  t h e  
i n d i c a t o r  i s  u s e d  a s  t h e  o s c i l l a t o r ,  and t h e  t a r g e t  e l e c t r o d e  a s  
t h e  r e s o n a n c e  d e t e c t o r .  The t a r g e t ,  c o a t e d  w i t h  f l u o r e s c e n t  
m a t e r i a l ,  i s  p o s i t i v e  w i t h  r e s p e c t  t o  t h e  c a t h o d e .  The r e s u l t i n g  
e l e c t r o n  s t r e a m  f ro m  c a t h o d e  t o  t a r g e t  i s  i n f l u e n c e d  by  a  c o n t r o l  
e l e c t r o d e  g r i d  ( i n t e r n a l l y  c o n n e c t e d  w i t h  t h e  t r i o d e  a n o d e ) ,  w h ic h ,  
when i t  i s  made n e g a t i v e  w i t h  r e s p e c t  t o  t h e  t a r g e t ,  d e f l e c t s  t h e  
e l e c t r o n  s t r e a m ,  p r o d u c i n g  a shadow on t h e  t a r g e t ,  t h e  n o rm a l  
"o p e n  e y e " .  The a n g l e  o f  t h e  shadow i s  r e d u c e d  b y  making t h e
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c o n t r o l  e l e c t r o d e  more p o s i t i v e .  I n  t h e  n o n - o s c i l l a t i n g  p o s i t i o n  
t h e  an o d e  c u r r e n t  p r o d u c e s  a l a r g e  p o t e n t i a l  d i f f e r e n c e  a c r o s s  
t h e  a n o d e  r e s i s t o r  Rg,  w h ic h  h o l d s  t h e  a n o d e  and c o n t r o l  e l e c t r o d e  
p o t e n t i a l s  a t  a  low v a l u e  w i t h  r e s p e c t  t o  t h e  t a r g e t ;  t h e  " e y e ” 
i s  t h e n  o p en .  When t h e  a n o d e  and g r i d  c i r c u i t s  a r e  b r o u g h t  t o  
r e s o n a n c e ,  t h e  a n o d e  c u r r e n t  d e c r e a s e s  and  t h e r e f o r e  t h e  p o t e n t i a l  
d i f f e r e n c e  a c r o s s  Rg d r o p s .  C o n s e q u e n t l y , t h e  p o t e n t i a l  o f  t h e  
c o n t r o l  e l e c t r o d e  w i t h  r e s p e c t  t o  t h e  c a t h o d e ,  r i s e s  -  i t  becomes 
l e s s  n e g a t i v e  w i t h  r e s p e c t  t o  t h e  t a r g e t  and  t h e  "e y e "  c l o s e s .
The most  c o n v e n i e n t  r e f e r e n c e  p o i n t  f o r  m aking  m ea su re m e n t s  i s  t h e  
c r i t i c a l  o f f - r e s o n a n c e  c a p a c i t y  s e t t i n g  when t h e  " e y e ” j u s t  f l i c k s  
open o r  s h u t  w i t h  i n c r e a s e  o r  d e c r e a s e  o f  c a p a c i t y  r e s p e c t i v e l y .
The f o l l o w i n g  a r e  t h e  v a l u e s  o f  t h e  com ponen ts  u s e d :  
C q , 3 5 0 u u f ;  C g , 1 2 . 5 u u f ;  C 3 , 2 5 u u f ;  (C^ i s  t h e  d i e l e c t r i c  c e l l ) ;
C5 , C7 , 0 . 0 1  u f ;  C5 , O .O O l u f ; Cq , Cg 9 gu f ;  Rq * 1 megohm, R g ,
4 2 , 0 0 0  ohms; X, 4 . 5 5  M e . / s .  q u a r t z  c r y s t a l ;  11 t u r n s  o f  20 
S.W.G-. e n a m e l l e d  c o p p e r  w i r e  c l o s e - w o u n d  on a 1 - i n  f o r m e r ;  Lg,  
s m a l l  R .F .  c h o k e ;  L3 , 7 - H e n ry  50-ma c h o k e .  The c o n d e n s e r s  Cq 
a n d  Cg a r e  f i t t e d  w i t h  l o w - g e a r e d  v e r n i e r  d i a l s .  The d i e l e c t r i c  
c e l l  (C4 ) i s  c o n s t r u c t e d  f rom  a 12- u u f  v a r i a b l e  c o n d e n s e r ,  w i t h  
s i l v e r e d  p l a t e s ,  b y  s t r i p p i n g  a l l  b u t  one p l a t e  f ro m  t h e  s t a t o r  
and  a l l  b u t  two p l a t e s  f ro m  t h e  r o t o r .  A b r a s s  s t o p  i s  f i t t e d  
s o  t h a t  t h e  p l a t e s  c a n n o t  b e  opened  more t h a n  a b o u t  h a l f  t h e  
maximum e x t e n t .  The c e l l  u n i t  i s  c o n n e c t e d  t o  t h e  main  c i r c u i t  
by  a  s h o r t ,  s c r e e n e d  © a b le .  F o r  u s e ,  t h e  c o n d e n s e r  p l a t e  a s s e m b ly  
i s  submerged  i n  a b o u t  20 c . c .  o f  t h e  l i q u i d  u n d e r  t e s t ,  c o n t a i n e d  
i n  a  s m a l l  g l a s s  b e a k e r .
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C a l i b r a t i o n  o f  I n s t r u m e n t . -  The i n s t r u m e n t  i s  s w i t c h e d  on 15 m i n u t e s  
b e f o r e  u s e .  i s  f i r s t  n e c e s s a r y  t o  d e t e r m i n e  t h e  v a l u e  o f  t h e
s c a l e  r e a d i n g s  o f  t h e  f i n e  t u n i n g  c o n d e n s e r , ( C g )  a g a i n s t  t h e  main 
c o n d e n s e r  ( C ^ ) .  T h i s  p r o c e d u r e  i s  r e p e a t e d  s e v e r a l  t i m e s  w i t h  a 
s e r i e s  o f  s e t t i n g s  o f  C i ,  t h e  c o r r e s p o n d i n g  v a l u e s  o f  and  Cg 
b e i n g  n o t e d .  I n  u s e ,  when t h e  r e s o n a n c e  p o s i t i o n  i s  r e a c h e d ,  t h e  
r e a d i n g  o f  C2 , c o r r e c t e d  t o  i t s  v a l u e  on Gq, i s  a d d ed  t o  t h a t  o f
The i n s t r u m e n t  i s  t h e n  c a l i b r a t e d ,  f i r s t  w i t h  a i r  and  t h e n  
w i t h  a  s e r i e s  o f  p u r e  l i q u i d s  o f  known d i e l e c t r i c  c o n s t a n t ,  a s  
f o l l o w s .  W i th  t h e  p l a t e s  o f  t h e  m e a s u r i n g  c e l l  c o n d e n s e r  o p e n ,  i n  
a i r ,  t h e  a n o d e  and  g r i d  c i r c u i t s  a r e  b r o u g h t  t o  r e s o n a n c e  ( t h e  " e y e ” 
j u s t  f l i c k s  s h u t  a t  t h i s  p o i n t ) ,  b y  t u n i n g  f i r s t  w i t h  Oq and  t h e n  
w i t h  Cg. The m e a s u r i n g  c e l l  p l a t e s  a r e  now c l o s e d ,  and  C^_ and Cg 
a g a i n  a d j u s t e d  t o  r e s o n a n c e .  The d i f f e r e n c e  b e t w e e n  t h e  two 
r e a d i n g s  o f  Cq, e a c h  c o r r e c t e d  b y  a d d i t i o n  o f  t h e  r e s p e c t i v e  
r e a d i n g s  o f  Cg, g i v e s  t h e  maximum c a p a c i t a n c e  i n c r e m e n t  i n  t h e  
m e a s u r i n g  c e l l  w i t h  a i r  d i e l e c t r i c .  The p r o c e d u r e  i s  t h e n  
r e p e a t e d  w i t h  t h e  m e a s u r i n g  c e l l  f i l l e d  w i t h  e a c h  l i q u i d  i n  t u r n .
The d i e l e c t r i c ;  c o n s t a n t  o f  a n y  l i q u i d  i s  g i v e n  by  t h e  r a t i o  
o f  t h e  maximum c a p a c i t a n c e  i n c r e m e n t s  o f  t h e  c e l l  f i l l e d  w i t h  t h a t  
l i q u i d  and  w i t h  a i r . ( T h i s  method o f  m easu rem en t  by  u s i n g  c a p a c i t a n c e  
i n c r e m e n t s  e l i m i n a t e s  e r r o r s  due t o  s trapfc&y c a p a c i t i e s  b e t w e e n  t h e  
c e l l , l e a d s , and  c h a s s i s . )  The t y p i c a l  s e r i e s  o f  c a l i b r a t i o n  r e a d i n g s  
i n  T a b le  3A shows t h a t  t h e  p l o t  o f  d i a l  r e a d i n g s  ( i . $ ; , v a l u e s  o f  Cq 
c o r r e c t e d  a s  d e s c r i b e d  a b o v e ) a g a i n s t  d i e l e c t r i c  c o n s t a n t  i s  v i r t u a l l y  
l i n e a r  o v e r  a  w id e  r a n g e .  I n  t h e  p r e s e n t  w o rk ,w h e re  o n l y  t h e  r e l a t i v e
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v a l u e s  o f  d i e l e c t r i c  c o n s t a n t  o f  a s e r i e s  o f  l i q u i d s  a r e  r e q u i r e d ,  a 
s i m p l e r  p r o c e d u r e  may "be f o l l o w e d :  r e a d i n g s  a r e  t a k e n  o n l y  w i t h  t h e
c o n d e n s e r  p l a t e s  c l o s e d ,  and t h e y  may t h e n  h e  p l o t t e d  d i r e c t l y  a g a i n s t  
t h e  m o la r  r a t i o s  o f  t h e  s o l u t e s  i n  t h e  s o l u t i o n s  used*
TABLE 5A C a l i b r a t i o n  o f  i n s t r u m e n t *
D i e l e c t r i c  A i r  Benzene  E t h y l  C h l o r o f o r m  P y r i d i n e  A c e to n e
e t h e r
D i e l e c t r i c  1>00 2>88 4<33 4>95 1 2 .5 0  2 1 .3 0
c o n s t a n t
Max* c a p a c i -
t a n e e  i n c r e m e n t  128.2 1 2 5 .0  1 2 2 . 0  1 2 0 . 1  9 9 . 1  7 7 . 8
o f  c e l l  ( d i a l
r e a d i n g )
The s o l u t i o n s  o f  t h e  two s o l u t e s  t o  h e  exam ined  were  p r e p a r e d  and  
s t o r e d  u n t i l  r e q u i r e d  i n  g r o u n d - g l a s s - s t o p p e r e d  t u h e s ,  t h e n  m easu red  
q u i c k l y  i n  s u c c e s s i o n  i n  t h e  i n s t r u m e n t  a t  room t e m p e r a t u r e .  A f t e r  
e a c h  s o l u t i o n  had h e e n  m e a s u re d ,  t h e  p l a t e s  were  c a r e f u l l y  washed w i t h  
s u c c e s s i v e  c h a n g e s  o f  p u r e  d r y  e t h e r  and f i n a l l y  w e l l  d r i e d  i n  a n  a i r  
s t r e a m ,  A few  t y p i c a l  r e s u l t s  a r e  shown i n  P i g ,  13A.
The f o l l o w i n g  r e f r a c t o m e t e r s  w ere  e m p lo y ed ,  h o t h  w i t h  sod ium  
l i g h t :  B e l l i n g h a m  and  S t a n l e y  (Abbe t y p e ,  r e a d i n g  1 0 " ^  u n i t )  and Z e i s s
( P u l f r i c h  t y p e ,  r e a d i n g  10” 5 u n i t ) .  T h e se  r e q u i r e  r e s p e c t i v e l y  ca  
0 . 1  and 1 . 0 c . c .  l i q u i d  f o r  each  d e t e r m i n a t i o n .  The P u l f r i c h  t y p e  o f  
i n s t r u m e n t  i s  p r e f e r r e d  on a c c o u n t  o f  i t s  g r e a t e r  p r e c i s i o n ,  e s p e c i a l l y  
f o r  a q u e o u s  s o l u t i o n s  i n  w h ic h  t h e  v a r i a t i o n  i n  n  o f t e n  o c c u r s  o n l y  
i n  t h e  f o u r t h  d e c i m a l  p l a c e .  I n  a l l  c a s e s  a mean o f  a t  l e a s t  two o r  
t h r e e  i n d e p e n d e n t  r e a d i n g s  ( i n  s p e c i a l  c a s e s  up t o  s i x )  was t a k e n  f o r  
each  s o l u t i o n .
P r o c e d u r e . The g e n e r a l  p r o c e d u r e  was a d o p t e d  i n  th e -  f o l l o w i n g  m a n n e r : -  
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be-i-ag  u s e d  f o r  e a c h  p a i r  o f  s o l u t e s .  E x p e r i m e n t s  w ere  r e p e a t e d  i n  many 
c a s e s  w h e re  t h e  p o s i t i o n  o f  t h e  c h a n g e  o f  s l o p e  on t h e  c u r v e  was 
u n c e r t a i n ,  h u t  n o r m a l l y  one s e t  o f  d e t e r m i n a t i o n s  i s  s u f f i c i e n t .  
P r e p a r a t i o n s  o f  S o l i d  C om plexes . -  C o n c e n t r a t e d  s o l u t i o n s  i n  t o l u e n e  
o f  d i e t h y l a m i n e  and e i t h e r  £ - n i t r o p h e n o l  o r  r e s o r c i n o l  r e s p e c t i v e l y ,  
were mixed an d  t h e  c r y s t a l l i n e  p r e c i p i t a t e s  c o l l e c t e d ,  c a r e f u l l y  washed 
w i t h  a  minimum q u a n t i t y  o f  e t h e r  and d r i e d  i n  v a c u o . The 2- n i t r o p h e n o l  
com plex  s e p a r a t e s  o u t  a t  o n c e ,  t h a t  f ro m  t h e  r e s o r c i n o l  o n l y  s l o w l y  
and t h e  mixed s o l u t i o n s  w ere  l e f t  t o  s t a n d  s e v e r a l  d a y s  i n  t h e  c o l d  
"before  t h e  p r e c i p i t a t e  was c o l l e c t e d .  ( £ - P " i t r o p h e n o l  co m p le x ,  y e l l o w  
n e e d l e s ,  m .p .  90 C. , Pound:  0 ,  5 4 . 8 ;  H , 5 . 9 ;  N , 1 1 . 8 5 ;  C i6H2 1 °6 N3 
r e q u i r e s  C, 5 4 , 9 ;  H, 6 . 0 ;  N, 1 2 .  0 %; r e s o r c i n o l  c o m p le x ,  h u f f  p l a t e ­
l e t s  m .p .  119 C Pound:  C, 6 5 . 6
Hf 8 . 2 7 ;  N,  4 . 8 1 ;  CnfiHo*0AN r e o u i r e s  C, 6 5 . 5 ;  H, 7 . 8 5 ;  N , 4 . 8 $ ) .
±0 * - R (7 5 a )
D i f f i c u l t i e s . -  Two p a r t i c u l a r  s o u r c e s  o f  e r r o r  a r e  l i a b l e  t o  o c c u r  
i n  t h e  u s e  o f  t h e  p r e s e n t  m e th o d s .  T h e se  a r e :  ( a )  t h e  s lo w  r a t e  o f
m u tu a l  s o l u t i o n  o f  some l i q u i d s .  On a c c o u n t  o f  t h e  s m a l l  q u a n t i t i e s  
o f  s o l u t e  u s e d ,  c o m p l e t e  d i s s o l u t i o n  i n  t h e  s o l v e n t  i s  som et im es  
d i f f i c u l t  t o  o b s e r v e ,  and some a p p a r e n t l y  homogeneous s o l u t i o n s ,  e . g .  
o f  g l y c e r o l  i n  d i o x a n ,  gave  i r r e g u l a r  r e s u l t s  u n t i l  c o m p le t e  s o l u t i o n  
was e n s u r e d  b y  p r i o r  warming and  t h e n  c o o l i n g  b e f o r e  u s e ;  ( b )  t h e  
e v a p o r a t i o n  o f  o r g a n i c  s o l v e n t s .  On a c c o u n t  o f  t h e  r a p i d i t y  w i t h  
w hich  r e s u l t s  can  b e  o b t a i n e d ,  most  o f  t h e  e x p e r i m e n t s  c an  be  c a r r i e d  
out  a t  room t e m p e r a t u r e .  W ith  w a t e r  a s  s o l v e n t  no d i f f i c u l t i e s  a r i s e ,  
b u t  when u s i n g  many o f  t h e  o r g a n i c  s o l v e n t s ,  e . g . ,  t o l u e n e  o r  d i o x a n ,  
d i f f i c u l t i e s  may be  e x p e r i e n c e d  when t h e  t e m p e r a t u r e  r i s e s  above  c a .  
1 8 ° C . , due  t o  t h e i r  r a p i d  e v a p o r a t i o n ,  and  i t  may t h e n  be  n e c e s s a r y  
"to c i r c u l a t e  c o o l e d  w a t e r  f ro m  a t h e r m o s t a t  t h r o u g h  t h e  a p p a r a t u s .
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D e t e r m i n a t i o n  o f  " A p p a r e n t  M o l e c u l a r  W e i g h t ” , -  The Beckmann f . p .  
method was u s e d ,  w i t h  tfm o l e e u l a r  w e i g h t  q u a l i t y ” b e n z e n e .  Prom e a c h  
p a i r  o f  compounds a  s e r i e s  o f  b i n a r y  s o l u t i o n s  o f  c o n s t a n t  t o t a l  
m o l a r i t y  ( 0 . 1 )  was p r e p a r e d .  The a p p a r e n t  m o l e c u l a r  w e i g h t ,  i . e .  
t h e  v a l u e  o b t a i n e d  on t h e  a s s u m p t i o n  t h a t  o n l y  a s i n g l e  compound i s  
p r e s e n t ,  i s  e q u a l  t o  t h e  sum o f  t h e  p r o d u c t  o f  t h e  t r u e  m o l .w t .  o f  
e a c h  s o l u t e  i n t o  i t s  r e s p e c t i v e  m o l a r  f r a c t i o n ,  t h e  m o l a r  f r a c t i o n  
f o r  t h e  co m p lex  b e i n g  c a l c u l a t e d  on t h e  b a s i s  o f  t h e  maximum p o s s i b l e  
v a l u e  o f  u n i t y ,  f o r  c o m p l e t e  r e a c t i o n .  The p o i n t s  shown i n  t h e  P i g s .  
(6A-9A) a r e  e a c h  t h e  mean o f  two o r  t h r e e  s e p a r a t e  d e t e r m i n a t i o n s .
■; ' S §i tf* ■r : ’ ■ i. •’' k i'S
"'Csvvlcured r it, w o v , i . c  to' so
: a  /v"
::: y s ■■■‘-yy ■: -
r - e r y  s l i g h t  vfKy i .-yyu' t
y y  2 }  r r j . g h i  i t i c y  \ - A r-e’idily
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For t h e  d i e l e c t r i c  c o n s t a n t  a p p a r a t u s  a m o d i f i e d  c e l l  d e s i g n  would 
r e q u i r e  t o  h e  u s e d  i f  t e m p e r a t u r e  r e g u l a t i o n  i s  d e s i r e d ,  an d  t h e  
s im p le  m i c r o t h e r m o s t a t  i n c o r p o r a t i n g  a t h e r m i s t o r  c o n t r o l ,  r e c e n t l y  
d e s c r i b e d  b y  M a r s h a l l  ( J . S . D . C . , 1 9 5 3 ,  6 9 ,  202)  may p r o v e  o f  v a l u e  
f o r  t h i s  p u rp o se *
When t h e  t e m p e r a t u r e  i s  c h a n g e d , t h e  !tk i n k ,f i n  t h e  c u r v e s  o f t e n  
c h a n g e s  f ro m  a  maximum t o  a  minimum; t h i s  c a n  b e  shown t o  b e  due t o  
t h e  d i f f e r e n t  e f f e c t s  o f  t e m p e r a t u r e  upon t h e  p h y s i c a l  c o n s t a n t  v a l u e s  
o f  t h e  v a r i o u s  com p o n en ts  o f  t h e  s y s t e m ,  ( s e e  a b o v e )*  Thus a t  some 
i n t e r m e d i a t e  t e m p e r a t u r e  i t  must  i n  t h e s e  c a s e s  d i s a p p e a r ,  and  i f  t h i s  
s h o u l d  o c c u r  a t  t h e  p a r t i c u l a r  t e m p e r a t u r e  u s e d  f o r  e x p e r i m e n t  i t  
m ig h t  b e  a s s u m e d ,  i n  a b s e n c e  o f  o t h e r  e v i d e n c e ,  t h a t  no co m p lex  c o u l d  
be  fo rm e d  b e t w e e n  t h e  s o l u t e s  c o n c e r n e d .  T h e r e f o r e ,  i n  c e r t a i n  
i n s t a n c e s  w h ere  i t  was i m p o r t a n t  t o  e s t a b l i s h  b eyond  d o u b t  t h e  r e a l i t y  
o f  n e g a t i v e  r e s u l t s  w i t h  a p a r t i c u l a r  g r o u p ,  d e t e r m i n a t i o n s  were  made 
a t  more t h a n  one t e m p e r a t u r e  w i t h  one p a i r  o f  s o l u t e s ,  a n d / o r  w i t h  a 
s o l u t e  c o n t a i n i n g  t h e  g ro u p  u n d e r  s t u d y  and a v a r i e t y  o f  s econd  
s o l u t e s  a l l  i n  t h e  same s o l v e n t ,  s i n c e  i t  i s  v e r y  u n l i k e l y  t h a t  i f  a 
n e g a t i v e  r e s u l t  o c c u r e d  f o r t u i t i o u s l y  i t  would  do s o  a t  t h e  same 
t e m p e r a t u r e  w i t h  a  r a n g e  o f  compounds*
S e v e r a l  o f  t h e  co m p lex es  whose e x i s t e n c e  i s  d i f f i c u l t  t o  d e t e c t  
b e c a u s e  o f  t h e  v e r y  s l i g h t  s l o p e  ch an g e  t h e y  i m p a r t  t o  t h e  c u r v e s  
( s e e  S e c t i o n  2) m ig h t  t h u s  be  d e t e c t e d  more r e a d i l y  a t  some o t h e r  
t e m p e r a t u r e .
S c a l e  o f  E x p e r i m e n t s * -  The a u t h o r  h a s  u s u a l l y  u s e d  s o l u t i o n s  o f  0 . 2 5  
or  0.1M c o n c e n t r a t i o n .  I n  c e r t a i n  i n s t a n c e s  w here  s o l u b i l i t y  i s  low o r  
t h e  amount  o f  m a t e r i a l  a v a i l a b l e  was s m a l l ,  s o l u t i o n s  a s  weak a s  0 . 0 1  M. 
have b e e n  u s e d  q u i t e  s a t i s f a c t o r i l y ,  t h e  c u r v e s  s t i l l  show ing  no l o s s
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of  d i s t i n c t i o n s  o f  s l o p e  c h a n g e s .  The q u a n t i t y  o f  a n y  one s o l u t i o n  
r e q u i r e d  f o r  a  c o m p l e t e  e x p e r i m e n t  c a n  h e  a s  l i t t l e  a s  5 - 2  c . c .  when 
a r e f r a c t o m e t e r  i s  u s e d .
A n a l y t i c a l  u s e . -  The S q u a re  o f  r e f r a c t i v e  i n d e x ,  r a t h e r  t h a n  t h e  
r e f r a c t i v e  i n d e x  i t s e l f ,  h a v i n g  a s  i t  d o e s ,  a  l i n e a r  r e l a t i o n  w i t h  
c o n c e n t r a t i o n ,  a t  l e a s t  o v e r  t h e  l o w e r  r a n g e s ,  i s  o b v i o u s l y  more 
s u i t a b l e  f o r  u s e  i n  t h e  q u a n t i t i v e  a n a l y s i s  o f  s o l u t i o n s .  I t  m ig h t  
p r o v e  t o  b e  o f  p a r t i c u l a r  v a l u e  i n  t h e  a n a l y s i s  o f  s o l u t i o n s  o f  a 
number o f  a l i p h a t i c  compounds u n s u i t a b l e  f o r  a b s o r p t i o m e t r i c  d e t e r m i ­
n a t i o n .  P r e l i m i n a r y  e x p e r i m e n t s  h a v e ,  i n  f a c t ,  d e m o n s t r a t e d  t h e  v a l u e  
o f  t h i s  method o f  a n a l y s i s  i n  d e t e r m i n i n g  s o r p t i o n  i s o t h e r m s .
P o l a r i m e t r y . -  Some a t t e m p t s  w e re  made t o  d e t e c t  b o n d i n g  b e t w e e n  amino 
a c i d s  and g l u c o s e  i n  a q u e o u s  s o l u t i o n s  b y  m ea su re m e n t  o f  s p e c i f i c  
r o t a t i o n  i n  a  p o l a r i m e t e r ,  b u t  t h e  a c i d s  w e re  i n s u f f i c i e n t l y  s o l u b l e  
t o  g i v e  a n y  u s e f u l  r e s u l t .
'  0 . 8  I ' v  ' )  4  :n - X l 4  i-tV-/= ~ n  -4
.: OPOXiOH t-8 2. ;f pp ep8 v*-10 mA 4- t O E'" { b & 88'r ‘ 
P . I x )  V4 008 y f  p. c 88 f j 4
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-  78 -
A p p e n d ix  1 #
R e l a t i o n  b e t w e e n  C o n c e n t r a t i o n  o f  a S o l u t i o n  and  i t s  D i e l e c t r i c  
C o n s t a n t  a n d  R e f r a c t i v e  I n d e x .
I t  i s  t h o u g h t  d e s i r a b l e  t o  s t a t e  more p r e c i s e l y  t h e  t h e o r e t i c a l  
b a s i s  f o r  t h e s e  r e l a t i o n s h i p s .  I n  t h e  f i r s t  p l a c e ,  i t  i s  n e c e s s a r y  
t o  c o n s i d e r  a p o l a r  s o l u t e  i n  s o l u t i o n s  a s  d i l u t e  a s  t h o s e  u s e d  h e r e  
a s  b e i n g  e q u i v a l e n t  t o  a  g a s ,  and t h u s  h a v i n g  a  d i e l e c t r i c  c o n s t a n t  
v e r y  n e a r l y  e q u a l  t o  u n i t y .  The e q u a t i o n  o f  t h e  m o l e c u l a r  p o l a r i s a t i o r  
d e r i v e d  f ro m  t h e  C l a u s i u s  M o s o t t i  l a w ,  v i z . ,
P = -  1 ) ,  M/
+ 2) /a
w here  M= t h e  m o l e c u l a r  w e i g h t  a n a  a= t h e  a e n s i t y  o f  t h e  g a s  ( o r  h e r e  
t h e  c o n c e n t r a t i o n  o f  a  a i l u t e  s o l u t i o n ) ,  t h e n  becom es
( ; -  1 ) /  M /
3 ' &
and M an d  P b e i n g  c o n s t a n t ,  i t  f o l l o w s  t h a t  t h e r e  i s  a l i n e a r  r e l a t i o n  
b e t w e e n  _£ and  d a t  a n y  g i v e n  t e m p e r a t u r e .
A t  o p t i c a l  f r e q u e n c i e s ,  £ = n 2 ( b o t h  i n  t h e o r y  an d  p r a c t i c e ) ,  so
o
t h a t  n  s h o u l d  b e  a p p r o x i m a t e l y  p r o p o r t i n n a l  t o  m o l a r  c o n c e n t r a t i o n  i n
d i l u t e  s o l u t i o n ,  a s  i t  i s  so  fo und  h e re *  F u r t h e r ,  o v e r  v e r y  s m a l l
p 2r a n g e s ,  n  i s  a p p r o x i m a t e l y  p r o p o r t i o n a l  t o  n~ ( b e c a u s e  (1+x)  ^  l+ 2 x
i f  x  i s  v e r y  s m a l l )  and t h e  v a l u e  o f  n  i t s e l f  c a n ,  i n  f a c t ,  b e  u s e d
i n  p l o t t i n g  t h e  c u r v e s  f o r  a number o f  t h e  s y s t e m s  examined h e r e ,  
th o u g h  t h e  u s e  o f  n^  i s  p r e f e r a b l e  b o t h  f o r  t h e o r e t i c a l  r e a s o n s  and
b e c a u s e  i t  g i v e s  a l i n e a r  r e l a t i o n  w i t h  c o n c e n t r a t i o n  o v e r  w i d e r
r a n g e s .
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S e c t io n  2 . (P a r t  TT)
The E x a m i n a t i o n  o f  t h e  I n t e r -  and  I n t r a m o l e c u l a r  
Bonding  P r o p e r t i e s  o f  W a te r  and o f  a V a r i e t y  o f  O r g a n i c  Compounds.
I t  h a s  b e e n  shown i n  S e c t i o n  1 ( P a r t  TT) t h a t  d e t e r m i n a t i o n s  o f  
d i e l e c t r i c  c o n s t a n t  o r  r e f r a c t i v e  i n d e x  c a n  be  u s e d  t o  d l e m o n s t r a t e  t h e
r a t i o  i n  w h ic h  s o l u t e s  fo rm  h y d r o g e n -b o n d  c o m p le x e s  i n  b i n a r y  s o l u t i o n .
I n  t h i s  s e c t i o n  t h e  r e s u l t s  o f  t h e  a p p l i c a t i o n  o f  t h e s e  p r o c e d u r e s  t o  
t h e  s t u d y  o f  t h e  h y d r o g e n - b o n d i n g  p r o p e r t i e s  o f  a l a r g e  number  o f  
o r g a n i c  s u b s t a n c e s ,  and  o f  w a t e r ,  i n  a v a r i e t y  o f  s o l v e n t s ,  a r e  
d e s c r i b e d . -
The a im o f  t h i s  work has  b e e n  t o  d i s c l o s e  new i n f o r m a t i o n  upon  
t h e  r e a c t i v i t y  o f  many t y p i c a l  s u b s t i t u e n t  g r o u p s ,  p a r t i c u l a r l y  a s  
i t  a f f e c t s  t h e i r  b e h av io u r -  i n  s o r p t i o n  on s o l i d  s u b s t r a t e s  f ro m  v a r i o u s  
s o l v e n t s ,  i n c l u d i n g  w a t e r .  L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  upon  
h y d r o g e n  b o n d i n g  i n  p r e s e n c e  o f  w a t e r ,  y e t  t h e  s o r p t i o n  o f  o r g a n i c  
compounds f ro m  a q u e o u s  s o l u t i o n  i s  a  p r o c e s s  o f  h i g h  i m p o r t a n c e ,  b o t h  
i n  t h e  l a b o r a t o r y  and  i n  t h e  u s e f u l  a r t s .
Compounds U s ed ,  e t c . -  S im ple  compounds,  f o r  t h e  m os t  p a r t ,  have
a g a i n  b e e n  employed i n  t h i s  w o r k ,  c h o s e n  p a r t i c u l a r l y  t o  e n a b l e  an  
e x a m i n a t i o n  t o  b e  made o f  t h e  r e a c t i o n s  o f  t y p i c a l  g r o u p s  fo u n d  i n  
c e r t a i n  n a t u r a l  and  s y n t h e t i c  p o l y m e r s ,  e s p e c i a l l y  f i b r e s .
E.G. N - n - b u t y l p r o p i o n a m i d e  and  o t h e r  a l k y l a m i d e s  have  b e e n  u s e d  t o  
r e p r e s e n t  t h e  p e p t i d e  l i n k  i n  p r o t e i n s  and n y l o n s ;  g l u c o s e ,  c e l l o b i o s e ,  
v a r i o u s  a l i p h a t i c  a l c o h o l s ,  t e t r a m e t h y l g l u c o p y r a n o s e , e t c . ,  t o  e n a b l e  
th e  r e a c t i o n s  o f  t h e  g r o u p s  i n  c e l l u l o s e  t o  b e  s t u d i e d ;  N - a c e t y L -  
g l u c o s a m in e  t o  r e p r e s e n t  c h i t i n ;  e t h y l  a c e t a t e ,  g l u c o s e  p e n t a - a c e t a t e
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and i s o p r o p y l  a c e t a t e  t o  r e p r e s e n t  c e l l u l o s e  a c e t a t e ;  a n d  d i m e t h y l  
t e r e p h t h a l a t e  and  e t h y l e n e  g l y c o l  d i b e n z o a t e  t o  r e p r e s e n t  p o l y e t h y l e n e  
t e r e p h t h a l a t e  ( T e r y l e n e ) .  A number o f  a r o m a t i c  a z o - c o m p o u n d s , b o t h  
o f  w a t e r - s o l u b l e  and w a t e r - i n s o l u b l e  t y p e s ,  and  exam p les  o f  c e r t a i n  
g r o u p s  n o t  p r e v i o u s l y  e x a m in e d ,  e . g . ,  a l d e h y d e  and  g u in o n e  g r o u p s ,  
i n c l u d i n g  one compound ( 2 : 3 - b e n z a n t h r a n o l )  w h ic h  i s  a q u in o n e  w i t h  
a s i n g l e  oxygen  a t o m ,  were  a l s o  i n c l u d e d .  Amongst t h e  hyd roxy-com pounds  
u se d  i s  h a e m a t o x y l i n  ( C o l o u r  I n d e x  No. 1 2 4 6 ) ,  a com plex  b i s - o - d i h y d r i c -  
p h e n o l ) .  The a b i l i t y  t o  u s e  a q u e o u s  s o l u t i o n s  h a s  now e n a b l e d  a w i d e r  
r a n g e  o f  compounds t o  be  exam ined  t h a n  i n  t h e  e a r l i e r  i n v e s t i g a t i o n ,  
and  i n  a d d i t i o n  t o  i t s  u s e  a s  a s o l v e n t , w a t e r  h a s  b e e n  u s e d  a s  a 
s o l u t e  i n  c o n j u n c t i o n  w i t h  a number o f  t y p i c a l  o r g a n i c  com pounds ,  w i t h  
s u c c e s s f u l  and i n t e r e s t i n g  r e s u l t s .
Some o f  t h e  r e s u l t s  o f  t h e  e a r l i e r  work  s u g g e s t e d  t h a t  t h e  p r e s e n t  
p r o c e d u r e  s h o u l d  p r o v i d e  u s e f u l  e v i d e n c e  n o t  o n l y  o f  i n t e r - m o l e c u l a r , 
b u t  a l s o  o f  i n t r a m o l e c u l a r  o r  c h e l a t e ,  b o n d s ,  and b y  i n c l u d i n g  i n  t h i s  
work a number  o f  s e l e c t e d  compounds t h e  a u t h o r  h as  b e e n  a b l e  t o  show 
t h a t  i t  d o e s  i n d e e d  do s o .
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DISCUSSION
T a b le  4A shows t h e  f u l l  r e s u l t s  i n  summary f o r m ,  a n d  a  d i s c u s s i o n  
o f  some o f  t h e i r  i m p l i c a t i o n s  f o l l o w s .  A few  t y p i c a l  c u r v e s  a r e  shown 
i n  F i g s .  14A, 15A, and  16A. Tab le s8A -18A  g i v e  t h e  d e t a i l e d  and 
c o m p r e h e n s iv e  d a t a  o f  r e f r a c t i v e  i n d e x  and  d i e l e c t r i c  c o n s t a n t  
m e a s u re m e n ts .
P r o t e c t i v e  i n f l u e n c e  o f  S o l v e n t s . -  I t  was r e p o r t e d  b y  G i l e s ,  Rose 
and V a l l a n c e  ( J . C . S . , 1 9 5 2 ,  3799)  t h a t  no e v i d e n c e  c o u l d  b e  o b t a i n e d  
o f  i n t e r m o l e c u l a r  b o n d i n g  i n v o l v i n g  t h e  k e t o n e  g r o u p .  N e v e r t h e l e s s  
th e  f o r m a t i o n  o f  t h i s  t y p e  o f  bond i s  p o s s i b l e ;  e . g . ,  B a d g e r  and 
B aue r  ( J .  Chem. P h y s . ,  1 9 3 6 ,  4 ,  4 6 9 ,  711 ;  1 9 3 7 ,  5 ,  8 3 9 ) ,  d e t e c t e d  
b o n d i n g  b e t w e e n  a c e t o n e  and m e t h a n o l ,  by  i n f r a - r e d  s p e c t r o p h o t o m e t r y  
o f  b i n a r y  m i x t u r e s ,  o r  s o l u t i o n s  i n  c a r b o n  t e t r a c h l o r i d e .  The e a r l i e r  
e x p e r i m e n t s  were  made w i t h  s o l u t i o n s  i n  b e n z e n e  and i t  was t h o u g h t  
t h a t  t h e  s o l v e n t  m ig h t  b e  i n h i b i t i n g  c o m p l e x - f o r m a t  i o n .  As a r e s u l t  
o f  t h e  f u r t h e r  work  now d e s c r i b e d  i t  a p p e a r s  t h a t  b e n z e n e  a s  a s o l v e n t  
d o e s  p r e v e n t  t h e  k e t o n e  g r o u p  f rom  f o r m i n g  b o n d s ,  and  so  do b o t h  e t h e r
and w a t e r ,  b u t  n o t  e i t h e r  c a r b o n  t e t r a c h l o r i d e  o r  d i o x a n .  ( A bond
t
b e tw e e n  t h e  k e t o n e  g r o u p  and w a t e r  i t s e l f  i s  i n  f a c t  e v i d e n t  m  d i o x a n  
s o l u t i o n s ) .
A s t u d y  o f  T a b l e  4A r e v e a l s  a  number  o f  o t h e r  exam p les  o f  t h e  
p r o t e c t i v e  e f f e c t  o f  a  s o l v e n t  p r e v e n t i n g  h y d r o g e n  b o n d i n g  b e t w e e n  
v a r i o u s  i n d i v i d u a l  g r o u p s ,  and some o f  t h e s e  ex am p les  a r e  sum m ar ised  
i n  T a b le  5A.
TABLE 4A
S o l u t e s
a
S o l u t i o n
S o l v e n t  T o t a l  
mol 
c o n c n .
M e th o d ( s )  
Temp. ( ° C . )  
f o r  n
M o l . r a t i o  o f  
co m p lex  
( a : b )
ACETATES
o<-D -G lucose -  A n i l i n e T 0 . 1 € ,  n 20 ( 1 : 1 )
- p e n t a - a c e t a t e
A n i s o l e T 0 . 1 i f  n 20 ( 1 : 1 )
A zohenzene T 0 . 1 i f  n 20 2 : 1 ;  1 : 1
B en z o q u in o n e T 0 . 1 i f  n 20 ( 2 : 1 )
D i e t h y l a m i n e T 0 . 1 t f  n 22 ( 1 : 1 )
o - B i t r o p h e n o l D 0 . 1 n 20 1 : 1
P h e n o l D 0 . 1 n 20 1 : 1 ;  ( 1 : 5 ) ;  1 : 6
T r i e t h y l a m i n e T 0 . 1 n 20 1 : 1
D 0 . 1 n 20 1 : 1 ;  1 : 6
E t h y l  A c e t a t e  A zo h en zen e T 0 . 1 n 17 4 : 1
o - B i t r o p h e n o l P 0 . 1 n 20 ( 1 : 1 )
T 0 . 1 n 14 1 : 1
G l y c e r y l  t r i a c e t a t e
D i e t h y l a m i n e D 0 . 1 n 15 ( 1 : 3 )
T 0 . 1 n 12 1 : 1
i s o P r o 'p y l  a c e t a t e
A n i s o l e D 0 . 1 n 20 1 : 1
A zo h en zen e D 0 . 1 n 19 4 : 1
B e n z o q u in o n e T 0 . 2 i f  n 20 2 : 1 XXX
3 -M e th o x y b e n z -  
a n t h r o n e  D 
( D u r a n o l  B r i l l i a n t  
Y e l lo w  6G)
0 . 0 1 n 20 ( 2 : 1 )
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TABLE 4A (c o n t in u e d )
o - N i t r o p h e n o l D 0 . 1 n  19 1 : 1
T 0 . 1 n  20 1 : 1 ;  ( 1 : 2 )
P h e n o l T 0 . 2 £ , n  20 1 : 1
ACIDS
A c e t i c  a c i d  P h e n o l T 0 . 2 5 (T , n  20
xxx
1 : 1
B e n z o ic  a c i d T 0 . 2 5 ^ , n  20 ( 1 : 1 )
N a p h t h a l e n e  
1 - s u l p h o n i e  a c i d
¥
H•O n 20 XX
2 - N a p h t h o l - 3 : 6 -  
d i s u l p h o n i c  a c i d
¥ 0 . 1 n  20 1 : 1
1 - N a p h t h y l a m in e  
- 3 : 8 - d i s u l p h o n i c  
a c i d
¥ 0 . 1 n  20 XX
ALCOHOLS
xxx
M e th a n o l P h e n o l D 0 . 1 n 20 1 : 1
¥ 0 . 2 5 n 20 1 : 1
E t h a n o l ¥ a t e r D 0 . 1 £ 9 n 20 1 : 1
P h e n o l T 0*25 £ f n 19 1 : 1
¥ 0 . 2 5 n 20 1 : 1
i s o B u t a n o l P h e n o l D 0 . 1 n 21 1 : 1
n-Amyl D 0 . 1 n 21 1 : 1
E t h y l e n e  G l y c o l M e th a n o l D 0 . 1 n 20 l a 3®
P h e n o l ¥ 0 . 2 5 n 20 1 : 1 ;  ( 1 : 2 )
S u l p h a n i l i c  
ac id»S  - n a p h t h o l ¥ 0 . 1 n 24 (x x )
G l y c e r o l M e th a n o l D 0 . 1 n 20 ( 1 : 1 )
¥ 0 . 2 5 n 2 0 ,3 5 XX
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TABLE 4A (c o n t in u e d )
P h e n o l W 0 . 2 5 n  20 1 : 1 ;  1 : 3
T r i e t h y l a m i n e W 0 . 2& n  22 ( x x )
W a te r D 0.1 n  20 1:1
E r y t h r i t o l M e th a n o l W 0 . 2 5 n  21 XX
Os 0 . 0 5 n  18° 1:1
P h e n o l W 0 . 2 5 n  19° 1 : 1 ;  1 : 4
M a n n i t o l w 0 . 2 5 n 19° 1:6
W a te r EG 0.1 n  18 1:1
P h e n o l EG 0.1 n  22 ( 1 : 1 ) ;  1:6
1 - 5 - P e n t a n e  d i o l M e th a n o l D 0.1 n  18 1:2
n - P e n t a n o l P h e n o l D 0.1 n 21 1:1
ALDEHYDES AND KETONES
A e e t a l d e h y d e Azohenzene? T 0.1 n 20 2:1
D i e t h y l a m i n e w 0 . 2 5 n  20 1:1
E t h a n o l W 0 . 2 5 n  20 (x x )
P h e n o l W 0.25) n  20 (x x )
Bensra ldehyde D i e t h y l a m i n e W 0 . 2 5 n  19 ( 1 : 1 )
E t h a n o l w 0 . 2 5 n  20 ( 1 : 1 )
P h e n o l w 0 . 2 5 n  20 ( 1 : 1 )
A c e to n e A n i l i n e B 0 . 3 . ( XX
D i e t h y l a m i n e B 0.2 € XX
P h e n o l E 0 . 2 5 i XX
W 0.1 n 20 XX
M e th a n o l 0 0 . 2 5 n  20 ( 1 : 2 )
T r i e t h y l a m i n e W 0 . 2 5 n  21 XX
Q u in o l E 0 . 2 5 ( XX
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TABLE 4A (c o n t in u e d )
B enzophenone  P h en o l B 0 . 2 5 n 18 XX
^  A c e t i c  a c i d D 0 . 2 5 n 19 1:1
s 'D i i s o h u t y l  k e t o n e  B e n z a ld e h y d e D 0 . 2 5 n 19 1:2
B e n z o ic  a c i d D 0 . 2 5 n 20 1 : 1 ;
P h e n o l D 0 . 2 5  £ , n 20 1:2
P r o p i o n i c  a c i d D 0.1 n 20 1:1
T r i m e t h y l a e e t i c  a c i d D 0 . 2 5 n 20 1:1
F o rm ic  a c i d D 0 . 2 5 n 20 1:2
AMIDES
A e e ta m id e B e n z o q u in o n e T + E l 0*0014 n  20 1:1
¥ 0.1 n 20 2:1
H a e m a t o x y l i n A c e t o n e 0 . 3 k ( 2 : 1 )
P h e n o l ¥ 0 . 2 5 n  22 1:1
Q u in o l ¥ 0 . 2 5 n  20 2:1
N - n -B u t  y I p r o p  ionam i d  e D i e t h y l a m i n e T 0.2  t. 9 n  20 ( 1 : 2 )
E t h a n o l T 0.2  <c f n  20 1 : i xxx
Urea E l 0.1 n  20 1:1
1 -H y d ro x y a n th -
r a q u i n o n e “ B 0.1 4 XX
D i e t h y l a c e t a m i d e A zohenzene T 0.1 n  20 4 : 1
D i m e t h y l a c e t a m i d e A zohenzene T 0.1 n  14 4 : 1
B e n z o q u in o n e T 0.1 n  14 4 : 1
D im e th y l fo rm a m id e A n i l i n e B 0 . 2 5  (. , n  20 2:1
D i e t h y l a m i n e B 0 . 2 5 k 1:1
H a e m a t o x y l i n ¥ 0 . 0 5 n  20 4 : 1
TABLE 4A ( c o n t i n u e d )
P h e n o l B 0 . 2 5 1:1
¥ 0 . 2 5 n 19 ,3 5  1 : 1
Urea P h e n o l E l 0.2 n 20 2 : 1 ; ( i : i ) ;
1 : 3
AMINES
A n i l i n e A n i s o l e B 0 . 2 5 * XX
D i e t h y l a m i n e ¥ 0 . 2 5 n 18 1:1
P h e n o l B 0 . 2 5  £ , n 21 ( l : 2)xxxxx
P h e n o l ¥ 0 . 2 5 n 17 XX
T r i e t h y l a m i n e ¥ 0 . 2 5 n 19 ( 1 : 1 )
D i e t h y l a m i n e 2- N i t r o p h e n o l D 0.1 n 20 1:2
¥ 0.1 n 20 1 : 2 ; 2:1
P h e n o l B 0 . 2 5 C- 1:1
P h e n o l ¥ 0 . 2 5 n 18 ,20 l : l xxx
D 0.1 n 20 1 : 1 ; ( 1 : 2)
R e s o r c i n o l ¥ 0 . 2 5 n 20 2:1
T r i e t h y l a m i n e E t h a n o l ¥ 0 . 2 5 n 21 XX
R e s o r c i n o l T 0 . 2 5 n 20 2:1
AZO COMPOUNDS
A n i l in e f^ N a p h th y -
l a m i n e
A n i l i n e
E -N a p h th o l
P h e n o l
A n i l i n e





0 . 2 5
0 . 2 5
n 20 ( 1 : 3 ;  1 : 4 )
 ^ 2:1
t  XX
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TABLE 4A ( c o n t i n u e d )
R e s o r c i n o l E 0 . 2 5 2 : 1 ; 1:1
P h e n o l B 0 . 2 5 £ 1 : 1 ; ( 1 : 2)
T r i c h l o r o e t h y l e n e T o* i  o n  20 1:2
Q u in o l D 0.1 n  20 1 : 1 ; ( 2 : 1 )
A n i l i n e  -4 
B - N a p h th y la m in e
P h e n o l T 0 • 1 , n  20 1 : gxxx
A zohenzene A c e to n e D 0.1 n  18 XX
A n i l i n e B 0 . 2 5 n  19 2 . qXxxx
B e n z o q u in o n e T 0.1 n  19 XX
B en z y l  a l c o h o l C 0.1 n  20 1:1
D i e t h y l a m i n e B 0 . 2 5 n  19 T nxxxx  1:1
P h e n o l B 0 . 2 5 n  19
XXX3 
1 : 1 ; 1:2
T r i e t h y l a m i n e D 0.1 n  18 XX
S u l p h a n i l i c  a c i d - 4  
^ - N a p h t h o l P h e n o l ¥ 0 . 2 5 n  20 1 : 1 ; 1 : 2 ; 1 : 3
S u l p h a n i l i c  a c i d -4  
B -N a p h th o l E t h y l e n e  g l y c o l ¥ 0 . 1. n  20 XX
Glyc i n e ¥ 0.1 n  19 1:1
P h e n o l ¥ 0 . 2 5 n  18 1:1
Q u in o l ¥ 0.1 n  20 2:1
CARBOHYDRATES AND RELATED COMPOUNDS
N - A c e t y l - D -
g l u c o s a m in e
A n i l i n e
A n i l i n e 4 2 -  
n a p h t h o l - 3 : 6~  
d i s u l p h o n i c  a c i d
A zo h en zen e  
4 - s u l p h o n i c  a c i d
D i e t h y l a m i n e
¥
¥
0 . 2 5  n  18 ( 2 : 1 )
0.01  n  20 ( 1 : 1 )
0.1  n  22 1:1
0 . 2 5  n  20 ( 1 : 1 )
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• TABLE 4A ( c o n t i n u e d )
D i m e t h y l f o r m -
am ide ¥ 0 . 2 5 n  19 1:1
M e th a n o l ¥ 0 . 2 5 n  19 1:1
EG 0.1 n  18 1 : 1 ; ( 1 :
B - N a p h th o l EG 0 . 0 5 n  18 ( 1 : 1 ) ;  1 :
P h e n o l ¥ 0 . 2 5 n  18 1:1
EG 0 . 0 5 n  1 6 ,1 8 1 : 1 ; 1 :
T r i e t h y l a m i n e ¥ 0 . 2 5 n  20 1:1
Q u in o l ¥ 0 . 2 5 n  20 2:1
D - C e l l o h i o s e A n i l i n e ¥ 0 . 2 5 n  16 1:1
A zo h en zen e  
4 - s u l p h o n i c  a c i d ¥ 0.1 n  22 ( 2 : 1)
D - C e l l o h i o s e D i e t h y l a m i n e ¥ 0 . 2 5 n  19 ( 1 : 1)
D i m e t h y l f o r m -
am ide ¥ 0 . 2 5 n  15 1:1
P y r i d i n e ¥ 0 . 2 5 n  15 ( 1 : 1 )
Q u i n o l ¥ 0 . 2 5 n  16 (x x )
T r i e t h y l a m i n e ¥ 0 . 2 5 n  15 ( 1 : 1 )
JD -F ru c to se E t h a n o l ¥ 0 . 2 5 n  20 (x x )
D - G lu c o se
P h e n o l
T r i e t h y l a m i n e




0 . 2 5
0 . 2 5







A n i l i n e ¥ 0 . 2 5 n  18 2:1
A zo h en zen e  
4 - s u l p h o n i c  a c i d
¥ 0.1 n  19 ( 2 : 1 )
D i e t h y l a m i n e ¥ 0 . 2 5 n  19 1:1
D i m e t h y l f o r m -
am ide ¥ 0 . 2 5 n  18 1 : 1
E t h a n o l ¥ 0 . 2 5 n  20 XX
M e th a n o l ¥ 0 . 2 5 n 20 XX
£ - N i t r o p h e n o l ¥ 0.1 n  20 2:1
P h e n o l ¥ 0 . 2 5 n  20 ,35 XX
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TABLE 4A ( c o n t i n u e d )
P h e n o l EG 0.1 n  20 1:6
P y r i d i n e W 0 . 2 5 n  19 ( 1 : 1 )
T r i e t h y l a m i n e W 0 . 2 5 n  20 1:1
Q u in o l W 0 . 2 5 n  17 XX
W a te r EG 0.1 n  14 1 : 6 ; ( 2 : 1)
S u c r o s e T r i e t h y l a m i n e W 0 . 2 5 n  20 XX
2 : 3 : 4 : 6  T e t r a -
m e t h y l g l u c o -
p y r a n o s e
W a te r D 0 . 0 5 n  20 2 : 1 ; 1:2
T e r n a r y  S o l u t i o n
D -G lu c o se  ( l m o l )  )_. _ s  N . . : P h e n o l  
T r i e t h y l a m i n e  (1  mol)  )
W 0 . 2 5 n  13 1 : 1 ; 1:6
ESTERS: (AROMATIC)
D im e th y l
t e r e p h t h a l a t e
P h e n o l
T r i e t h y l a m i n e





_ x x x  1 : 4
E t h y l e n e  g l y c o l  
d i b e n z o a t e P h e n o l T 0.1 n  22
xx x
1 : 4
T r i e t h y l a m i n e T 0.1 n  20 1 : 4
ETHERS, PHENOLS
A n i s o l e P h e n o l B 0 . 2 5 £ ( 1 : 1 )
C a t e c h o l M e th a n o l D 0.1 n  20 1 : 2XXX
P h e n o l W 0 . 2 5 n  17 ( 1 :1 ) ;  1:2
D i e t h y l  e t h e r T r i e t h y l a m i n e D 0.1 n 22 1:2
H a e m a to x y l in P h e n o l D 0 . 2 5 1 1 : 5 XXX
P y r o g a l l o l P h e n o l W 0 . 2 5 n  20 ( l : i ) ;  1 : 3
TABLE 4A ( c o n t i n u e d )
Q u ino l M e th a n o l D 0.1 n  20 ( 1 : 2)
P h e n o l W 0 . 2 5 n  1 9 ,3 5 1:2
N ITRO -  COMPO UND S
N i t r o b e n z e n e P h e n o l B 0*25 € 1:2
o - N i t r o p h e n o l D i e t h y l a m i n e B 0 . 2 5  t  * n  18 1:1
P h e n o l B 0 . 2 5 /X 1 : 1.
g - N i t r o p h e n o l P h e n o l B 0 .  25 e 1 : 3
QUINONES
2 : 3 - B e n z - 9 - a n t h -  
r o n e
N -n -B uty lp ro>-
p io n a m id e D 0.01 n  20 1:2
P h e n o l D 0.01 n  20 .  _xxx 1:1
B en z o q u in o n e A n i s o l e D 0.1 n  20 1:2
N - n - B u t y l p r o -
p i o n a m id e T f n  20 1 : 4 XXX
P h e n o l T 0 . 2 5  £  , n  19 ( 1 : 2)
Q u in o l D 0.1 n  20 1:1
1 : 4 : 5 : 8- T e t r a a m i n o -  
a n t h r a g u i n o n e  
( D u r a n o l  B r i l l i a n t  
B lue  OB)
P h e n o l D 0.01 2 : l x x x
i s o P r o p y l -
a c e t a t e D 0.01 £ ( 2 : 1 )
WATER
Water A n i l i n e D 0 . 2 5  ^ , n  20 ( 2 : 1)
A n i l i n e - *
B - N a p h th o l
D 0 . 1  , n  20 1:2
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TABLE 4A (c o n t in u e d )
A zo h enzene D 0.1 £ > n 20 1 : 1 ; 2:1
Benzophenone D 0.2 n 20 1:2
N - n - B u t y l p r o -
p i b n a m i d e D 0.2 £ 9 n 20 1 : 2XXX
D i i a o h u t y l
k e t o n e D 0*1 k  9 n 20 ( 1:1 o r  1 : 2 )
P h e n o l D 0.2 n 20 1 : 1 ; 1:2
i a o P r o p y l
a c e t a t e D 0.1 n 20 2 : 1 ; 1:2
S t y r e n e D 0.2 n 20 i ;2x x x
U rea E l 0.2 n 20 1:2
MISCELLANEOUS
P h e n o l  4 - e h l o r o p h e n o x y
a c e t i c  a c i d D 0 . 0 5 n  23 1:1
- ( 4 - c h l o r o p h e n o x y ) -
p r o p i o n i c - a c i d D 0 . 0 5 n  21 1:1
•A -  ( 4 - c h l  o r o p h e n o x y ) -  
" b u t y r i c  a c i d D 0 . 0 5 n  23 1:1
k n t ^ ? U t y 1 -  <* -  ( 4 - c h l o r o p h e n o x y ) -
- i s o b u t y r i c  a c i d D 0 . 0 5 n  19 ( 1 : 1 ) ,0
- ( 2 : 4 - d i c h l o r o p h e n o x y l ) -  
- p r o p i o n i c  a c i d "d 0 . 0 5 n  19 1:1
a  -  ( 2 : 6- d i c h l o r o p h e n o x y ) — 
- p r o p i o n i c  a c i d D 0 . 0 5 n  19 1:1
T r i e t h y l a m i n e  2 : 6- d i c h l o r o p h e n o x y
a c e t i c  a c i d D 0 . 0 5 n  19 2 : 1 ,
S o l v e n t s :





x x x x x
xxx
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TABLE 4A (c o n t in u e d )
A = a c e t o n e ;  B = b e n z e n e ;  C = c a r b o n  t e t r a c h l o r i d e ;
Cs = f C e l l o s o l v e f ( e t h y l e n e  g l y c o l  m o n o e th y l  e t h e r ) ;
D = d i o x a n ;  E = d i e t h y l  e t h e r ;  E l  = e t h a n o l ;
EG- = e t h y l e n e  g l y c o l ;  M = m e t h a n o l ;  P = p e t r o l e u m  e t h e r  
b . p *  8 0 - 1 0 0 °C; T = t o l u e n e ;  ¥  = w a te r #
£ =  d i e l e c t r i c  c o n s t a n t ;  n  = r e f r a c t i v e  in d e x *
D a ta  i n  p a r e n t h e s e s  d e n o t e  l e s s  c e r t a i n  i n d i c a t i o n s ,  due 
t o  s m a l l  ch an g e  i n  s lo p e *
No e v i d e n c e  o f  com plex  f o r m a t i o n
T hese  c u r v e s  show p a r t i c u l a r l y  p r o n o u n c e d  c h a n g e s  o f  s l o p e  
R e s u l t s  b y  d i e l e c t r i c  c o n s t a n t  method r e p o r t e d  b y  G i l e s ,  
Rose  and V a l l a n c e  ( J . O . S . , 1 9 5 2 ,  3 7 9 9 ) ,
T h i s  com plex  r e p o r t e d  a l s o  b y  L a u r e n t  ( G i l e s ,  Rose  and 
V a l l a n c e ,  J . C . S . , 1 9 5 2 ,  3 7 9 9 . )
A l s o :  A zo b enzene  (B) w i t h  a n i l i n e ,  N - n - b u t y l p r o p i o n a m i d e
p h e n o l ;  c a t e c h o l  ( e ) w i t h  p h e n o l ;  d i e t h y l a m i n e  w i t h  
a n i l i n e  ( B ) ,  o - n i t r o p h e n o l  (B) o r  r e s o r c i n o l  ( E ) ;  
q u i n o l  (E )  w i t h  N - n - b u t y l p r o p i o n a m i d e  o r  p h e n o l . ( s e e  
G i l e s ,  Rose  and V a l l a n c e ,  J . O . S . , 1952 ,  3 7 9 9 ) .
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TABLE 5A 
P r o t e c t i v e  E f f e c t  o f  S o l v e n t s .
Group P r o t e c t e d *
-  SO_H 3
CaO ( i n  a l d e h y d y e s ,  
a m i d e s ,  k e t o n e s )
0=0 i n  d i m e t h y l f o r m a m i d e  
(A lk - )O H  )
- 0  )




Second S o lu t e *
P h e n o l  
P h e n o l ,  e t c *
P h e n o l ,  e t c *  
A lk-CH,
-NHg,-CHO,etc .
E f f e c t  o f  S u l p h o n i c  A c id  Groups u p o n  B o n d in g * -  U n s u l p h o n a te d  a z o -  
compounds c a n  fo rm  i n t e r m o l e c u l a r  b o n d s  b e t w e e n  t h e  a z o - g r o u p  and e i t h e r  
( a )  am ide  g r o u p s  ( s e e  T a b le  4A) i n  n o n - a q u e o u s  s o l v e n t s ,  o r  ( b )  
a l c o h o l i c  g r o u p s  i n  t h e  w a t e r  s u b - p h a s e  when t h e  azo-com pound i s  s p r e a d  
a s  a  m o n o la y e r  t h e r e o n  ( G i l e s  and  N e u s t a d t e r ,  J . C . S * * 1 9 5 2 ,3 8 0 6 ;  
A l l i n g h a m ,  G i l e s  and N e u s t a d t e r ,  F a r a d a y  S o c . , D i s c u s s i o n , 1 9 5 3 ,  i n  
t h e  p r e s s ) *  S u l p h o n a t e d  a z 0-compounds  do n o t  a p p e a r  t o  i n t e r a c t  i n  
w a t e r  e i t h e r  w i t h  a l c o h o l i c  g r o u p s  ( s e e  T a b l e  4A) o r  w i t h  t h e  am ide  
g r o u p s  o f  a m i n o - a c i d s  ( D e r b y s h i r e  and  M a r s h a l l ,  F a r a d a y  S o c . ,  i b i d . )«
T hese  f a c t s  show t h a t  t h e  s u l p h o n i c  a c i d ;  g r o u p , . i n t e r a c t  i o n  o f  a n  a z o -
£y :
g ro u p  i n  t h e  same m o l e c u l e ,  w i t h  o t h e r  s o l u t e s  o f  low a f f i n i t y .  T h i s  
c o u l d  b e  a t t r i b u t e d  e i t h e r  t o  t h e  p r o t e c t i v e  e f f e c t  o f  t h e  s o l v a t e d  
w a t e r  s u r r o u n d i n g  t h e  a n i o n  o r  t o  a r e d u c t i o n  i n  e l e c t r o n e g a t i v i t y  a t  
t h e  a z o - n i t r o g e n  a to m s .  P h e n o l s  have  h i g h  enough  a f f i n i t y  t o  i n t e r a c t  
w i th  t h e  s u l p h o n a t e d  compounds.
* The h e a t s  o f  r e a c t i o n  o f  s e v e r a l  amino a c i d s  w i t h  e i t h e r  h y d r o ­
c h l o r i c  a c i d  o r  t h e  f r e e  a c i d  o f  a s u l p h o n a t e d  o - h y d r o x y a z o - d y e  
( N a p h t h a l e n e  O range  G) i n  w a t e r ,  were  f o u n d  t o  b e  t h e  same.  D e rb y ­
s h i r e  and  M a r s h a l l  i n t e r p r e t e d  t h i s  a s . e v i d e n c e  t h a t . n o  i n t e r a c t i o n  ■Occu r s  b e t w e e n  t h e  g r o u p in g s  m  t h e  amino a c i d s  and  t h e  d y e ._________
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The 1 : 1 - c o m p le x  w h ich  g l y c i n e  fo rm s  w i t h  a s u l p h o n a t e d  a z o  
compound ( T a b l e  4A) must  r e p r e s e n t  i n t e r a c t i o n  b e t w e e n  t h e  amino g r o u p  
and t h e  s u l p h o n i c  a c i d  a n i o n ,  and  n o t  w i t h  t h e  a z o - g r o u p *
W ate r  a s  a s o l v e n t * -  By t h e  u s e  o f  t h e  r e f r a c t i v e  i n d e x  m e th o d ,  
h y d ro g e n  b o n d i n g  i s  a s  r e a d i l y  d e t e c t e d  i n  a q u e o u s  a s  i n  n o n - a q u e o u s  
s o l u t i o n s ,  numerous  ex am p les  o f  i t s  u s e  f o r  t h i s  p u r p o s e  b e i n g  shown 
i n  T a b l e  4A* A p a r t  f ro m  t h e  e v i d e n c e  o f  t h e  p r o t e c t i v e  e f f e c t  o f  t h e  
s o l v e n t  d i s c u s s e d  a b o v e ,  t h e  r e s u l t s  d e m o n s t r a t e  t h a t  t h e  m o la r  r a t i o s  
o f  h y d r o g e n -b o n d  c o m p lex es  b e t w e e n  g i v e n  s o l u t e s  i s  o f t e n ,  b u t  n o t  
a lw a y s  t h e  same i n  w a t e r  a s  i n  n o n - a q u e o u s  s o l v e n t s *  O f . , e . g . , t h e  
r a t i o s  i n  w h ic h  p h e n o l  com bines  w i t h  q u i n o l  o r  t h e  a z o - g r o u p ,  r e s p e c ­
t i v e l y ;  i n  b e n z e n e  t h e  a z o - g r o u p  fo rm s  e i t h e r  1 : 1-  o r  1 : 2-  co m p lex es  
w i t h  p h e n o l  ( S e c t i o n  1 ,  P a r t  l T ) , i n  t h e  w a t e r - s o l u b l e  azo-compound  
( s u l p h a n i l i c  a c i d  -cAr n a p h t h o l )  i t  d o e s  t h e  same ( a  1 : 3 - c o m p le x  i s  
a l s o  fo rm ed  by  r e a c t i o n  w i t h  t h e  4 - h y d r o x y  g ro u p )*
A c o m p a r i s o n  o f  t h e  i n t e r a c t i o n - r a t i o s  o f  d i - o r  t r i - e t h y l a m i n e  
w i t h  p ^ - n i t r o p h e n o l  o r  r e s o r c i n o l  ( S e c t i o n  1 ,  and  T a b le  4A) ( r e f r a c t i v e  
index:  m e th o d )  w i t h  t h o s e  o f  t h e  s o l i d  c o m p lex es  a l s o  r e v e a l s  i n t e r e s ­
t i n g  f a c t s  r e g a r d i n g  t h e  e f f e c t  o f  w a t e r  a s  s o l v e n t .  I n  n o n - a q u e o u s  
s o l u t i o n  d i e t h y l a m i n e  com bines  w i t h  two m o l e c u l e s  o f  t h e  p h e n o l ,  no 
d o u b t  t h e s e  b e i n g  a t t a c h e d  t o  b o t h  a to m s  o f  t h e  NH r e s i d u e .  I n  
p r e s e n c e  o f  w a t e r ,  o n l y  one p h e n o l  m o l e c u l e  i s  bound b y  e a c h  am ine  
g ro u p  ( i . e .  g i v i n g  2 : 1  a m i n e - p h e n o l  c o m p l e x ) .  E v i d e n t l y  t h e  h y d ro g e n  
a tom o f  t h e  amino g r o u p  i s  p r o t e c t e d  by a t t a c h m e n t  t o  w a t e r  ( c f .  t h e  
r e a c t i v i t y  o f  a l k y l a m i d e s  d i s c u s s e d  b e l o w ) .
Water  a s  S o l u t e . -  W ate r  e n t e r s  so i n t i m a t e l y  i n t o  a l m o s t  a l l  
r e a c t i o n s  i n v o l v i n g  f i b r e s  t h a t  i t s  b o n d i n g  p r o p e r t i e s  t o w a r d s  a 
number o f  t h e  model  compounds u sed  t o  r e p r e s e n t  f i b r e s  a r e  o f  e s p e c i a l
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i n t e r e s t .  I t  a p p e a r s  t o  a c t  e i t h e r  m o n o f u n c t i o n a l l y  a s  monomer o r  
d i m e r ,  o r  b i f u n c t i o n a l l y  a s  a c r o s s - l i n k i n g  a g e n t .  The e v i d e n c e  o f  
c r o s s - l i n k i n g  a c t i o n  b e tw e e n  p a i r s  o f  a z o - g r o u p s  i s  s u p p o r t e d  b y
/  i
e x p e r i m e n t s  i n  m o n o l a y e r s  ( G i l e s  and  N e u s t a d t e r ,  J . C . S . , 1 9 5 2 ,  9 1 8 ,
A l l i n g h a m ,  G i l e s  and  N j u s t a d t e r ,  1 9 5 3 ,  i n  t h e  p r e s s ) .
Bonds w i t h  Hydrogen  a t t a c h e d  t o  C a r b o n . - H y d r o g e n  a t t a c h e d  t o  c a r b o n  
form s  b o n d s  l e s s  r e a d i l y  t h a n  when a t t a c h e d  t o  n i t r o g e n  o r  ox y g en ,  
and a n e i g h b o u r i n g  g r o u p  o f  p o w e r f u l  e l e c t r o n - a t t r a c t i n g  n a t u r e  i s  
u s u a l l y  r e q u i r e d  t o  f a c i l i t a t e  t h e  r e a c t i o n .  Thus E a rp  and G l a s s t o n e  
( J . C . S . , 1 9 3 5 ,  1 7 0 9 ,  1720) d e t e c t e d  b o n d i n g  b e t w e e n  oxygen  i n  e t h e r ,  
and h y d ro g e n  a t t a c h e d  t o  a l i p h a t i c  c a r b o n  a c t i v a t e d  b y  c h l o r i n e  a tom s  
o r  a  n e g a t i v e  g r o u p ,  e . g . ,  a p h e n o l  o r  n i t r o p h e n y l  g r o u p .
The e n o r m o u s ly  g r e a t e r  s o l u b i l i t y  o f  CHgXg o r  CHX3 compounds 
( e . g .  , 'X = B r ,  C l ,  o r  F) i n  0 -  o r  N-d^Yior s o l v e n t s ,  com pared  w i t h  t h a t  
p r e d i c t e d  f ro m  R a o u l t ’ s l a w ,  i s  a l s o  a t t r i b u t a b l e  t o  b o n d i n g  t h r o u g h  
C H ( Z e l l h o e f f e r , C o p l e y ,  and  M a r v e l ,  J .A m e r .  Chem. S o c . , 1 9 3 8 ,  6 0 ,
1 3 3 7 ,  C o p l e y ,  Z e l l h o e f f e r  and M a r v e l ,  i b i d . , 2 6 6 6 ,  2 ( 1 4 ) ;  and t h i s
has  b e e n  c o n f i r m e d  by  i n f r a - r e d  s p e c t r p h o t o m e t r y  ( B u s w e l l ,  R o d eb u sch  
and Roy, i b i d  2528;  G ordy ,  J .Chem.  P h y s . , 1 9 3 9 , 7 ( 1 6 3 )  and b y  d e t e r ­
m i n a t i o n  o f  d a t a  on h e a t s  o f  m ix in g  ( C o p le y  and  H o l l e y ,  J .A m e r .  Chem. 
Soc . . 1 9 3 9 ,  6 1 ,  1 5 9 9 ) ,  w h ich  a l s o  d e m o n s t r a t e d  s i m i l a r  b o n d i n g  b e t w e e n
a c e t y l e n e  o r  p h e n y l a c e t y l e n e  and dfcrcor s o l v e n t s .  Hydrogen  b o n d s  on 
c a r b o n  e x i s t s  a l s o  i n  l i q u i d  f tyd rogen  c y a n i d e  ( P a u l i n g ,  The N a t u r e  
of  t h e  C hem ica l  B o n d , I t h a c a ,  N : Y . , C o r n e l l  U n iv .  P r e s s ,  2nd e d . ,
1 9 4 4 ) .
A C h e l a t e  bond i n v o l v i n g  h y d r o g e n  a t t a c h e d  t o  c a r b o n  h a s  a l s o  
been  s u g g e s t e d  b e t w e e n  m e th y l  and n i t r o - g r o u p s  i n  o - n i t r o t o l u e n e
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( S id g w ic k  and  C a l l o w ,  J . C . S . + 1 9 2 4 ,  1 2 5 ,  5 2 7 ) ;  b e t w e e n  CO and  t h e  
h y d ro g e n  a t t a c h e d  t o  t h e  c a r b o n  a to m s  o f  tfec p r o p io p h e n o n e  and h i g h e r  
k e t o n e s  ( E v a n s ,  J . C . S . , 1 9 3 6 ,  7 8 5 ) ;  and i n  t h e  a n i o n s  o f  n - b u t y r i c  
and h i g h e r  s a t u r a t e d  a l i p h a t i c  a c i d s  ( D i p p y ,  J .  C . S . ,  1 9 3 8 ,  1 2 2 2 ) ,
R e c e n t l y ,  J o n e s  and B ad g e r  ( J .  Amer* Chem* S o c # ♦ 1 9 5 1 ,  7 3 ,  3 1 3 2 ,
c f . ,  B a d g e r ,  J .C hem .  Ph.ys. ♦ 1 9 4 0 ,  8 , 228)  hav e  g i v e n  e v i d e n c e  f rom
i n f r a - r e d  s p e c t r o p h o t o m e t r y ,  o f  su p p o se d  i n t e r m o l e c u l a r  b o n d i n g  b e tw e e n  
m e t h a n o l  and  h y d r o g e n  o f  a r o m a t i c  r i n g s  i n  b e n z e n e  and  o t h e r  h y d r o ­
c a r b o n s ,  i n  b i n a r y  s o l u t i o n s  i n  o r g a n i c  s o l v e n t s *
The p o s s i b l e  i m p o r t a n c e  o f  t h i s  t y p e  o f  bond  i n  t h e  r e a c t i o n s  o f
f i b r e s  a p p e a r s  h i t h e r t o  t o  have  r e c e i v e d  l i t t l e  o r  no a t t e n t i o n *  The 
p r e s e n t  r e s u l t s ,  h o w e v e r ,  s u p p o r t e d  b y  o t h e r  r e l a t e d  i n v e s t i g a t i o n s  
seem t o  i n d i c a t e  t h a t  t h e  c a r b o n y l  g r o u p  i n  c a r b o x y l i c  a c i d s  and  i n  
a c e t y l  com pounds ,  a l d e h y d e s  and a l k l a m i d e s  c a n  a c t i v a t e  n e i g h b o u r i n g  
CH g r o u p s  s u f f i c i e n t l y  t o  c a u s e  b o n d i n g ,  a n d ,  p e r h a p s ,  t h e r e b y  t o  
i n i t i a t e  c e r t a i n  t y p e s  o f  s o r p t i o n  by  f i b r e s .  T h i s  m a t t e r  i s  d i s c u s s e d  
below*
W ate r  a p p e a r s  t o  fo rm  a bond w i t h  h y d r o g e n  o f  a n  e t h y l e n e  l i n k a g e  
i n  s t y r e n e  ( c f  t h e  w e l l  known en h an cem en t  o f  h y d r o p h i l i c  p r o p e r t i e s  
o f  a l k y l  c h a i n s  by i n t r o d u c t i o n  o f  s u c h  l i n k a g e s ) *  A bond  b e tw e e n  
a h y d r o g e n  a to m  o f  t r i c h l o r o e t h y l e n e  and t h e  a z o - g r o u p  i n  1- b e n z e n e -  
a z o - 2- n a p h t h o l  i s  a l s o  d e t e c t e d ,  w h ic h  c o u l d  a c c o u n t  f o r  t h e  h i g h  
s o l u b i l i t y  o f  u n s u l p h o n a t e d  azo -com pounds  i n  t h i s  s o l v e n t .
C h e l a t i o n  i n  A r o m a t i c  compounds* -  The a b i l i t y  o f  t h e s e  m e thods  t o  
d e t e c t  c h e l a t i o n  i n  a r o m a t i c  compounds i s  s e e n  b y  an  i n s p e c t i o n  o f  
many r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  e . g .  i t  i s  shown b y  t h e  
b e h a v i o u r  o f  n i t r o p h e n o l s  ( S e c t i o n  l ) ,  1 - h y d r o x y a n t h r a q u i n o n e  ( T a b l e  
4A) and o - h y d r o x y -  and o -  a m in o a z o -  compounds.  An a t t e m p t  was made
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t o  d e t e c t  d e l a t i o n  b e t w e e n  h y d r o x y -  and s u l p h o n i c  a c i d  g r o u p s ,  b u t  
t h e  compounds u s e d  p r o v e d  u n s u i t a b l e .  No c h e l a t i o n  was d e t e c t e d  ( i n  
w a t e r )  i n  2 - n a p h t h o l - 3 : 6 - d i s u l p h o n i c  a c i d .  2 - N a p h t h o l - l - s o d i u m  
s u l p h o n a t e  i s  t o o  s o l u b l e  i n  w a t e r  f o r  e x a m i n a t i o n ,  th o u g h  t h i s  f a c t  
i t s e l f  i s  i n d i c a t i v e  o f  c h e l a t i o n .  C h e l a t i o n  b e tw e e n  t h e s e  g r o u p s  
has  r e c e i v e d  l i t t l e  a t t e n t i o n ,  b u t  S h e t t y  ( T e x t i l e . -  R u n d s c h a u , 1 9 5 0 ,  
5 ,  399) h as  d e t e c t e d  i t s  p r e s e n c e  b y  an  e x a m i n a t i o n  o f  t h e  w a t e r -  
s o l u b i l i t y  and l a k e - f o r m i n g  p r o p e r t i e s  o f  some s u l p h o n a t e d  h y d r o x y a z o -  
com pounds.
C h e l a t i o n  i n  P o l y h y d r i c  A l c o h o l s . -  Weak, 5-membered c h e l a t e  r i n g s  
e x i s t  i n  o - d y h y d r i c  p h e n o l s .  T h e i r  i n s t a b i l i t y  i s  shown b y  i n f r a - r e d  
s p e c t r o s c o p y  ( P a u l i n g ,  o p . c i t . )  and  i t  i s  a l s o  made e v i d e n t  b y  t:kc 
r e a c t i v i t y  w h ic h  s u c h  p a i r s  o f  g r o u p s  show t o w a r d s  p h e n o l .  T h e re  i s  
no e v i d e n c e  a v a i l a b l e  t h a t  c h e l a t i o n  b e t w e e n  v i c i n a l  h y d r o x y - g r o u p s  
i n  a l i p h a t i c  compounds i s  e q u a l l y  f a m i l i a r .  The r a t h e r  s u r p r i s i n g  
b e h a v i o u r  a t  f i r s t  o b s e rv e d  b e t w e e n  g l y c e r o l  and  m e th a n o l  i n  w a t e r ,  
and l a t e r  i n v e s t i g a t e d  i n  some d e t a i l  b y  a n  e x a m i n a t i o n  o f  s e v e r a l  
o t h e r  a l c o h o l s  ( T a b l e  6A) now seem t o  b e  most  r a t i o n a l l y  i n t e r p r e t e d  
b y  s u p p o s i n g  t h a t  s u c h  a fo rm  o f  c h e l a t i o n  i s  p r e s e n t  i n  some o f  t h e s e  
compounds i n  c e r t a i n  s o l v e n t s . G l y c e r o l ,  e . g . ,  may b e  s u p p o se d  t o  
r e a c t  i n  t h e  fo rm  j-OH. • .  .O H . . .  .0 H (x )  one h y d r o g e n  a tom  o n l y  ( x )  b e i n g
f r e e  f o r  j  ^
X3& CH~ CH -  CH
2  He” <5
i n t e rm o le c u la A ^ o n d & iu >■. On t h i s  h y p o t h e s i s ,  e t h y l e n e  g l y c o l ,  e r y t h r i t o l  
and m a n n i t o l  s h o u l d  a l s o  be  m o n o f u n c t i o n a l  t o w a r d s ,  e . g . ,  m e t h a n o l  o r  
w a t e r .  On t h e  o t h e r  hand l : 5 - p e n t a n e  d i o l ,  w h ic h  c a n n o t  c o n t a i n  s u c h  
an  i n t e r n a l  b o n d ,  s h o u ld  b e  b i f u n c t i o n a l .  F u r t h e r ,  a p o w e r f u l  
h y d r o g e n - b o n d i n g  s e c o n d  s o l u t e ,  e . g . ,  p h e n o l ,  m ig h t  b e  e x p e c t e d  t o
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d i s r u p t  t h e  weak c h e l a t e  r i n g s  and  u n i t e  w i t h  e a c h  h y d r o x y - g r o u p  i n  
a l l  t h e s e  a l c o h o l s *  An i n s p e c t i o n  o f  t h e  d e t a i l e d  r e s u l t s  ( T a b l e  4A 
and 6A) w i l l  show t h a t  t h e  f a c t s  a r e  i n  a c c o r d a n c e  w i t h  e a c h  ot h e r  
o f  t h e s e  p r e d i c t i o n s .
I n  t h e  s o l u t i o n s  i t  is- exam ined  t h a t  t h e  c h e l a t e  m o l e c u l e s  a r e  
o f  c o u r s e  s u b j e c t  t o  c o n s t a n t  bom bardment  b y  a l a r g e  e x c e s s  o f  s o l v e n t  
m o le c u le s *  I t  was t h e r e f o r e  hoped t h a t  b y  e x a m in in g  t h e i r  r e a c t i v i t y  
i n  t h e  p r e s e n c e  o f  s o l v e n t s  o f  d i f f e r e n t  p o l a r i t y  a q u a l i t a t i v e  
e s t i m a t e  o f  t h e  s t a b i l i t y  o f  t h e  c h e l a t e  r i n g s  c o u l d  b e  o b t a i n e d *  T h i s  
h a s  i n  f a c t  p r o v e d  t o  be  s o .  I t  i s  fo u n d  t h a t  6-membered c h e l a t e  
r i n g s  i n  a r o m a t i c  compounds a r e  s t a b l e  t o w a r d s  a l l  t h e  s o l v e n t s  and 
s e co n d  s o l u t e s  e x a m in e d ,  w h e r e a s  5 -  and  7 -  membered r i n g s  i n  a l i p h a t i c  
o r  a r o m a t i c  compounds b e i n g ,  a s  t h e y  a r e ,  u n d e r  g r e a t e r  s t r a i n ,  c a n  
b e  d i s r u p t e d  b y  a s u i t a b l e  c h o i c e  o f  a  s o l v e n t  a n d / o r  s e c o n d  s o l u t e .
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TABLE 6A
MOLAR RATIO OF COMPLEXES FORMED BY STRAIGHT-CHAIN ALCOHOLS.
F i r s t  S o l u t e .  Second S o l u t e  and S o l v e n t .
M e th a n o l  i n W a te r  i n P h e n o l  i n
Os D W EG- D D EG T D W
M e th a n o l 1:1 1:1
E t h a n o l 1:1 1:1 1:1
i s o - B u t a n o l 1:1
n P e n t a n o l 1:1
E t h y l e n e
g l y c o l 1:1
1 : 1 ;
( 1 : 2 )
G-lycerol ( 1 : 1 ) xx 1:1 1 : 1 ;
1 : 3
E r y t h r i t o l 1:1 xx 1 : 1 ;
1 : 4
M a n n i t o l 1:1 ( 1 : 1 ) ;  1:6 
1:6
1 : 5 - P e n t a n e
d i o l 1:2
xx  no e v i d e n c e  o f  com plex  f o r m a t i o n .
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The R e a c t i v i t y  o f  t h e  Amide g r o u p . -  The i n t e r m o l e c u l a r  b o n d i n g  
r e a c t i o n s  o f  t h e  a l k y l a m i d e  g r o u p  a r e  o f  h i g h  i m p o r t a n c e  i n  t h e  
s t u d y  o f  e . g . ,  p r o t e i n  s t r u c t u r e ,  t h e  t a n n i n g  o f  p r o t e i n s ,  and t h e
w a t e r  s o r p t i o n  and  d y e i n g  p r o p e r t i e s  o f  n y l o n  and  p r o t e i n s .  The
i n f o r m a t i o n  w h ic h  t h e  p r e s e n t  work d i s c l o s e s  upon t h i s  s u b j e c t  
i s  s e t  o u t  i n  T a b le  7A. A p a t t e r n  o f  b e h a v i o u r  i s  t h e n  e v i d e n t ,  
w h ic h  may b e  e x p r e s s e d  i n  t h e  f o l l o w i n g  g e n e r a l i s a t i o n :  t h e
a l k y l a m i d e  g r o u p  r e a c t s  n o r m a l l y  i n  t h e  e n o l  ( . C ( 0 H ) : R . ) f o r m ,  
w h ic h  i s  b i f u n c t i o n a l .  I t  seems t o  r e a c t  i n  t h e  k e t o  fo rm  when
t h e  am ide  h y d r o g e n  atoms a r e  b o t h  r e p l a c e d  by  a l k y l  g r o u p s ,  a s
o f  c o u r s e  would b e  e x p e c t e d ,  o r  when one o r  b o t h  a r e  bounded t o  
w a t e r  ( a s  a s o l v e n t )  and t h e  k e t o  oxygen  a tom  i s  t h e n  u n r e a c t i v e ,  
b e i n g  p r o t e c t e d  b y  t h e  s o l v e n t ,  i n  b e n z e n e  o r  w a t e r .  Bo th  f o rm s  
c a n  i n t e r a c t  w i t h  a v a r i e t y  o f  o t h e r  g r o u p s .  R o t e  t h a t  when t h e  
s e c o n d  s o l u t e  i s  s y m m e t r i c a l l y  b i f u n c t i o n a l ,  a 1:1 i n t e r a c t i o n  
r a t i o  i s  i n t e r p r e t e d  a s  e v i d e n c e  o f  a 2 : 2 - c o m p l e x  ( G i l e s ,  Rose 
and  V a l l a n c e ,  J . Q . S .  1952 , 3799)
The p o w e r f u l  s w e l l i n g  a c t i o n  o f  t h e  p h e n o l s  on 
n y l o n  i s  c l e a r l y  due t o  p a i r s  o f  i n t e r a m i d e  h y d r o g e n  b o n d s  
b e i n g  d i s r u p t e d  and r e p l a c e d  by  b u l k y  p h e n o l  m o l e c u l e s .
D i h y d r i c  p h e n o l s  a r e  c r o s s - l i n k i n g  a g e n t s  and t h e r e f o r e  l e s s  
e f f e c t i v e  i n  s w e l l i n g .
F o o t n o t e .
B u s w e l l , R o d e sb u sc h  and Roy ( J .A m er .  Ghem. S o c . ) 1 9 3 8 , 6 0 ,  2444)  i n  
i n f r a - r e d  s p e c t r o s c o p i c  s t u d i e s  o b s e r v e d ,  t h a t  m o n o s u b s t i t u t e d  
a m i d e s ,  e . g . ,  R - e t h y l a c e t a m i d e , a s s o c i a t e  and  e n o l i s e  i n  CGI4 
s o l u t i o n .
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T a b le  7A.
I n t e r m o l e c u l a r  R e a c t i v i t y  o f  t h e  A lk y la m id e  Group,
Amide ( a )
H:C0.NMe,
P.CO.NH.Bu.
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M o l . r a t i o  o f  com plex  
( a : b ) : s o l v e n t ________
1 : 1  n
2 : 1  n
1 : 1  n
1 : 1  w
1 : 2  n
2 : 1  n  
1 : 1  n  
1 : 1  n  
1 : 1  n
2 : 1  n  
1 : 2  n
1 : 1  w
1 : 1  w
xxxx 
1 : 2  n
P r o b a b l e  t a u ­
t o m e r i c  fo rm
k e t o
k e t o
k e t o
k e t o
e n o l
e n o l
e n o l
e n o l
e n o l
k e t o
e n o l
k e t o
k e t o
e n o l
n = n o n - a q u e o u s :  w -  w a t e r ,
xx  I n  g l u c o s e  an d  c e l l o b i o s e .  
x x x  Quinone  g r o u p .
xxxx I n t e r p r e t i n g  a  1 : 1  r a t i o  a s  e v i d e n c e  o f  a  2 : 2  com plex .
The s e v e r a l  exam ples  d i s c o v e r e d  o f  b o n d i n g  b y  h y d r o g e n  
a t t a c h e d  t o  c a r b o n  a c t i v a t e d  by a n e i g h b o u r i n g  c a r b o n y l  g r o u p  
p r o v i d e d  t h e  o p p o r t u n i t y  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  t h i s
102
t y p e  o f  "bond o c c u r r i n g  w i t h  a l k y l a m i d e s .  B o th  d i e t h y l  and
d i m e t h y l a c e t a m i d e  were  examined and  a r e  shown t o  he  c a p a b l e  o f
b o n d i n g  w i t h  a z o b e n z e n e  o r  b e n z o q u i n o n e ; t h i s  must  c l e a r l y  be
e v i d e n c e  o f  b o n d i n g  b y  a  h y d r o g e n  ( x )  a t t a c h e d  t o  c a r b o n ,  e . g . ,
( x )
HgCH:CO.N ( 0112) 9 ? n e i t h e r  c a r b o n y l  oxygen n o r  t h e  n i t r o g e n  c a n  
b e  r e s p o n s i b l e ,  s i n c e ,  e . g . ,  a c e t o n e  and d i e t h y l a m i n e , i n  t h e  
same s o l v e n t ,  a r e  u n r e a c t i v e  t o w a r d s  a z o b e n z e n e .  I f  h y d r o g e n  
i n  t h i s  p o s i t i o n  i s  r e a c t i v e ,  h y d ro g e n  a t t a c h e d  t o  c a r b o n  i n  t h e  
p r o t e i n  c h a i n  may b e  so  a l s o ;  t h i s  would  open  up  a d d i t i o n a l  
p o s s i b i l i t i e s  o f  h y d ro g e n -b o n d  c r o s s - l i n k i n g  i n  p r o t e i n  s t r u c t u r e s .  
K a n d a r  ( B u l l .  Chem. S o c . , Japan . ,  1950 ,  2 3 ,  4 ,  137 ;  t h r o u g h  
J . T e x t .  I n s t . , 1951 ,  ,42,  A 5 7 5 ;  Chem. R e s e a r c h e s  ( J a p a n ,  1 9 5 1 ,
9 1 33 ;  t h r o u g h  Cem. A bs . , 1 9 5 1 ,  4 5 ,  7 6 10)  has  i n  f a c t  p ro p o s e d  
a n  ^ - k e r a t i n  model  embodying C H . . .N  b o n d s .
So f a r ,  no e x p e r i m e n t s  have  b e e n  made t o  e s t a b l i s h  t h e  
e x i s t e n c e  o f  t h i s  t y p e  o f  bond when t h e  n o rm a l  am ide  g r o u p  i s  
p r e s e n t  i n  w a t e r ,  t h o u g h  i t  may e x i s t  i n  t h e  a c e t a m i d e - b e n z o q u i n o n e  
s y s t e m .
The H y d r o g e n - b o n d in g  P r o p e r t i e s  o f  C a r b o h y d r a t e s . -  G lu co se  and
c e l l o b i o s e  i n  w a t e r  r e a c t  a l i k e ,  m o n o f u n c t i o n a l l y .  I f  t h e
p y r a n o s e  r i n g - s t r u c t u r e s  o f  t h e s e  compounds w ere  o p e r a t i v e ,  i t  
w ould  b e  e x p e c t e d  t h a t  t h e  c e l l o b i o s e  m o l e c u l e  would  combine w i t h
^  I f  t h i s  i s  s o ,  t h e n  t h e  4 : 1 - co m p le x  o b s e r v e d  must r e p r e s e n t  two 
a to m s  bonded  t o  e a ch  n i t r o g e n ,  w h i l e  t h i s  b e h a v i o u r  i s  w e l l  known 
(^t h e  a u t h o r  i s  n o t  aw are  t h a t  i t  has)  i n  t h e  c a s e  o f  oxygen  ( c f .
P a u l i n g ,  l o c n i t r o g e n .
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t w i c e  a s  many m o l e c u l e s  o f  a s e co n d  s o l u t e  a s  g l u c o s e  d o e s .  I n  
t h e  o p e n - c h a i n  f o r m ,  h o w e v e r ,  b o t h  compounds hav e  a  s i n g l e  a l d e h y d e  
g r o u p  an d  i t  must  t h e r e f o r e  b e  t h i s  g ro u p  w h ic h  fo rm s  i n t e r -  
m o l e c u l a r  bon d s  i n  w a t e r ,  a c o n c l u s i o n  s u p p o r t e d  by t h e  s i m i l a r i t y  
o f  t h e  r e a c t i o n s  o f  a c e t a l d e h y d e .  The e q u i l i b r i u m  i n  w a t e r  
b e t w e e n  t h e  o p e n - c h a i n  fo rm  o f  g l u c o s e  and t h e o ^ -  and  ^ - r i n g  
s t r u c t u r e s  i s  n o r m a l l y  s t r o n g l y  i n  f a v o u r  o f  t h e  l a t t e r ,  o n l y  a 
s m a l l  p e r c e n t a g e  o f  o p e n - c h a i n  compound b e i n g  p r e s e n t .  I f  t h e  
a l d e h y d e  g r o u p  e n t e r s  i n t o  c o m p l e x - f o r m a t i o n  t h e  e q u i l i b r i u m  w i l l  
b e  d i s t u r b e d  and more o p e n - c h a i n  m o l e c u l e s  w i l l  b e  f o r m e d ,  u n t i l  
t h e i r  p r o p o r t i o n  i s  s u f f i c i e n t  t o  h av e  a  p e r c e p t i b l e  e f f e c t  upon 
t h e  c u r v e s  exam ined .  I f  t h e  a l d e h y d e  g r o u p  does  n o t  r e a c t  w i t h  
a  s o l u t e ,  e . g . ,  p h e n o l  ( i n  w a t e r ) ,  t h e n  t h e  e q u i l i b r i u m  i s  
u n d i s t u r b e d ,  t h e  g l u c o s e  m o l e c u l e  r e m a i n i n g  l a r g e l y  i n  t h e  r i n g  
c o n f i g u r a t i o n .  The k e t o - g r o u p  u n l i k e  t h e  a l d e h y d e - g r o u p ,  i s  
p r o t e c t e d  a g a i n s t  i n t e r m o l e c u l a r  b o n d i n g  i n  w a t e r  b y  t h e  s o l v e n t .
I t  i s  t h e r e f o r e  t o  b e  e x p e c t e d  t h a t  t h e  k e t o s e  s u g a r s  would  n o t  
f o rm  c o m p le x e s  a t  a l l  i n  w a t e r ,  and  in d e e d  n e i t h e r  f r u c t r o s e  n o r  
s u c r o s e  d o es  s o .
The h y d r o x y - g r o u p  in  a l i p h a t i c  a l c o h o l s  i n  w a t e r  i s  
p r o t e c t e d  a g a i n s t  r e a c t i o n  w i t h  o t h e r  a l c o h o l i c  g r o u p s ,  a m in o -  
g r o u p s , e t c . ,  t h i s  i s  i l l u s t r a t e d  b y  a number o f  exam ples  i n  
T a b l e  4A. Thus t h e  a b s e n c e  o f  a n y  a p p a r e n t  r e a c t i o n  o f  c a r b o ­
h y d r a t e  h y d r o x y - g r o u p s  t o w a r d s ,  e . g .  a l c o h o l s  and am in es  i n  w a t e r  
i s  u n d e r s t a n d a b l e .  The p h e n o l i c  h y d r o x y - g r o u p  d o e s ,  h o w e v e r ,  
r e a c t  w i t h  a l c o h o l i c  g r o u p s  i n  w a t e r ,  and c a n  i n  f a c t  d i s r u p t
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5-membered  c h e l a t e  r i n g s  t o  do s o .  Yet  i n  s p i t e  o f  r e p e a t e d  
e x a m i n a t i o n  o f  i t s  b e h a v i o u r  w i t h  g l u c o s e  i n  a q u e o u s  s o l u t i o n ,  t h e  
a u t h o r  h a s  b e e n  u n a b l e  t o  d e t e c t  a n y  e v i d e n c e  t h a t  p h e n o l  u n i t e s  
w i t h  t h e  g l u c o s i d i c  h y d r o x y - g r o u p s . ( x )  I t  d o es  com bine  w i t h  e a c h  
o f  t h e  s i x  h y d r o x y - g r o u p s  i n  t h e  s t r a i g h t - c h a i n  a l c o h o l ,  m a n n i t o l ,  
ev en  th o u g h  t h e s e  must be c a p a b l e  o f  c h e l a t i o n ,  and  t h e r e  seems 
c o n s e q u e n t l y  no r e a s o n  t o  d o u b t  t h a t  i t  would  do so i n  t h e  
s t r a i g h t - c h a i n  fo rm  o f  g l u c o s e .  F o r  t h e  r e a s o n  d i s c u s s e d  a b o v e  
t h e  r i n g - s t r u c t u r e s  o f  g l u c o s e  s h o u ld  p r e d o m i n a t e  i n  p r e s e n c e  o f  
p h e n o l ,  and  t h u s  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e  h y d r o x y - g r o u p s  i n  
t h e s e  s t r u c t u r e s  d i f f e r  i n  r e a c t i v i t y  i n  a q u e o u s  s o l u t i o n  f ro m  th o s e  
i n  t h e  o p e n - c h a i n  m o l e c u l e .  The d i f f e r e n c e  c a n n o t  be  due t o  t h e  
p r e s e n c e  o f  c h e l a t e  bonds  i n  t h e  r i n g  s t r u c t u r e s ;  t h e  e v i d e n c e  
b o t h  o f  t h e  e x p e r i m e n t a l  work ( c . f .  t h e  r e a c t i o n  o f  w a t e r  i n  
e t h y l e n e  g l y c o l  s o l u t i o n ) w i t h  g l u c o s e  ( 6 : 1 - c o m p le x )  and m a n n i t o l  
( 1 : 1  co m p lex )  r e s p e c t i v e l y  and o f  an  e x a m i n a t i o n  o f  m odels  shows 
t h e s e  a r e  n o t  p r e s e n t .  The r e d u c e d  a f f i n i t y  f o r  p h e n o l  must  
r e p r e s e n t  an  enhanced  a f f i n i t y  f o r  w a t e r  o f  t h e  r i n g - f o r m s  o f  
g l u c o s e .
I t  i s  t h u s  p o s t u l a t e d  t h a t  t h e  sh a p e  o f  t h e  r i n g  m o le c u le  
f a v o u r s  t h e  r e t e n t i o n  o f  a  more s t r o n g l y - b o u n d  a t m o s p h e r e  o f  w a t e r
( x )  The 2 : 1 - c o m p le x  w i t h  p - n i t r o p h e n o l  i s  a t t r i b u t e d  t o  b o n d i n g  o f  
t h e  -CHO g r o u p  t o  e ac h  oxygen a tom  i n  t h e  -NOg g r o u p .  The p h e n o l i c  
g r o u p  has  e n h a n c ed  a c i d i t y  and t h e  c o n s e q u e n t  i n c r e a s e d  s o l u t i o n  b y  
w a t e r  may a c c o u n t  f o r  i t  n o t  r e a c t i n g  w i t h  o p e n - c h a i n  g l u c o s i d i c  
h y d r o x y - g r o u p s .
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t h a n  t h e  s t r a i g h t - c h a i n  m o l e c u l e  c a n  r e t a i n .  A c o m p a r i s o n  o f  
t h e  r i n g  fo rm  o f  g l u c o s e  w i t h  t h e  o p e n - c h a i n  f o r m ,  i n  t h e  c r u m p le d  
s t a t e  i n  w h ic h  i t  most  p r o b a b l y  e x i s t s  i n  w a t e r ,  shows t h a t  t h e  
s o l v a t e d  w a t e r  m o l e c u l e s  on e i t h e r  s i d e  o f  t h e  r i n g  c a n  a p p r o a c h  
more c l o s e l y  t o  e a ch  o t h e r ,  and  t h u s  e x e r t  a s t r o n g e r  m u tu a l  
a t t r a c t i o n ,  t h a n  t h o s e  a c r o s s  t h e  d i a m e t e r  o f  t h e  c ru m p le d  c h a i n .  
(The s h o r t e s t  d i s t a n c e s  o f  s e p a r a t i o n  a c r o s s  t h e  two m o l e c u l e s  a r e  
a b o u t  4A and 6 .5A r e s p e c t i v e l y ) .  The r e s u l t i n g  i n c r e a s e d  
p r o t e c t i o n  o f  t h e  r i n g  fo rm  a g a i n s t  a t t a c k  by  o t h e r  s o l u t e s  may b e  
a  f a c t o r  i n  t h e  p r e f e r e n c e  shown b y  N a t u r e  f o r  t h i s  s t r u c t u r e  i n  
t h e  c a r b o h y d r a t e s .  The d e d u c t i o n  t h a t  t h e  r i n g  fo rm  more s t r o n g l y  
a t t r a c t s  w a t e r  r e c e i v e s  some s u p p o r t  a l s o  f ro m  t h e  f a c t  t h a t  t h e  
e q u i l i b r i u m  i n  w a t e r  so f a v o u r s  t h e  r i n g - s t r u c t u r e s  when i t  m ig h t  
b e  e x p e c t e d  t h a t  t h e  o p e n - c h a i n  fo rm  would b e  more s t a b l e ,  b o t h  by  
r e a s o n  o f  i t s  h i g h e r  s t a t i s t i c a l  p r o b a b i l i t y  and t h e  p r e s e n c e  o f  
a s e r i e s  o f  c h e l a t e  r i n g s .
T h ese  o b s e r v a t i o n s  upon t h e  b o n d i n g  p r o p e r t i e s  o f  
c a r b o h y d r a t e s  may b e  u s e d  t o  r e - i n t e r p r e t  some o f  t h e  known f a c t s  
o f  t h e  s u b s t a n t i v i t y  o f  w a t e r - s o l u b l e  d y e s  f o r  c e l l u l o s e ,  w h ich  
h i t h e r t o  h as  b e e n  a t t r i b u t e d  t o  a h y d r o g e n - b o n d i n g  m echan ism (x )
( S e e  t h e  Summary g i v e n  by V i c k e r s t a f f  i n  ,fThe P h y s i c a l  C h e m i s t r y  
o f  D y e i n g ” E d i n b u r g h ,  O l i v e r  and Boyd,  L t d . ,  1 9 5 0 ) .  I t  h a s  now
( x )  M arsden  and  U r q u h a r t  ( J . T e x t . I n s t . , 1 9 4 2 ,  3 3 ,  T105) fo u n d  t h a t  
p h e n o l  i s  c o m p l e t e l y  u n a b s o rb e d  b y  c e l l u l o s e  f ro m  aq u e o u s  s o l u t i o n ,  
i n  a g r e e m e n t  w i t h  t h b  p r e s e n t  o b s e r v a t i o n  o f  i t s  u n r e a c t i v i t y  
t o w a r d s  g l u c o s e .
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■been s u g g e s t e d ,  and  t h e  s u g g e s t i o n  h a s  "been s u p p o r t e d  h y  a r e ­
e x a m i n a t i o n  o f  known f a c t s  and  "by c e r t a i n  e x p e r i m e n t s  i n  m o n o l a y e r s ,  
t h a t  dye  m o l e c u l e s  a r e  h e l d  t o  c e l l u l o s e  m o l e c u l e s  p r i n c i p a l l y  "by 
v a n  d e r  W aals  a t t r a c t i o n ,  t h e  w a t e r  s u r r o u n d i n g  t h e  f i b r e  m o l e c u l e s  
e f f e c t i v e l y  p r e v e n t i n g  d i r e c t  h y d r o g e n -b o n d  i n t e r a c t i o n  ( A l l i n g h a m ,  
G i l e s  and  N e u s t a d t e r ,  F a r a d a y  S o c i e t y  D i s c u s s i o n , 1 9 5 3 ,  i n  t h e  
p r e s s ) .  Some d i r e c t  b o n d i n g  may p e r h a p s  t a k e  p l a c e  on s u b s e q u e n t  
d r y i n g  o f  t h e  dyed  m a t e r i a l ,  b u t  t h i s  has  no c o n n e c t i o n  w i t h  t h e  
s o r p t i o n  mechanism i n  p r e s e n c e  o f  w a t e r .
F u r t h e r  E x p e r i m e n t s  w i t h  G l u c o s e . -
I t  was d e s i r e d ,  i f  p o s s i b l e ,  t o  d e t e c t  t h e  r e a c t i v i t y  
o f  t h e  h y d r o x y - a n d  e t h e r  g r o u p s  i n  g l u c o s e  more s e l e c t i v e l y ,  and 
t h u s  t o  o b t a i n  a d d i t i o n a l  e v i d e n c e  i n  s u p p o r t  o f  t h e  c o n c l u s i o n s  
a l r e a d y  r e a c h e d .  T h i s  a im  was a c h i e v e d  b y  t h e  u s e  o f  t e t r a m e t h y l -  
g l u c o p y r a n o s e , w hich  i s  s o l u b l e  i n  n o n - a q u e o u s  s o l v e n t s ,  b u t  r e t a i n s  
one h y d r o x y - g r o u p ,  and  by t h e  d i s c o v e r y  t h a t  e t h y l e n e  g l y c o l  c an  be  
u s e d  w i t h  good r e s u l t s  a s  a n o n - a q u e o u s  s o l v e n t  f o r  g l u c o s e .  B o th  
w a t e r  and  p h e n o l  w e re  fo u n d  t o  fo rm  6 : 1-c o m p le x e s  w i t h  g l u c o s e  i n  
t h i s  s o l v e n t ,  f ro m  w hich  i t  i s  i n f e r r e d  ( i )  t h a t  p r o t e c t i o n  b y  t h e  
s o l v e n t  i s  i n d e e d  t h e  c a u s e  o f  t h e  n o n - r e a c t i v i t y  o f  t h e  h y d r o x y -  
and e t h e r  g r o u p s  i n  w a t e r ;  and ( i i )  t h a t  no c h e l a t e  r i n g s  a r e  
p r e s e n t ,  s i n c e  i n  t h e  same s o l v e n t  t h e  c h e l a t e  r i n g s  p e r s i s t  i n  
m a n n i t o l  ( S e e  T a b l e  5A w a t e r  a s  seco n d  s o l u t e ) .  T h i s  must  mean 
t h a t  t h e  r i n g - f o r m  o f  g l u c o s e  i s  t h e  fo rm  r e a c t i n g  i n  e t h y l e n e  
g l y c o l .  T e t r a m e t h y l g l u c o p y r a n o s e  fo rm s  b o t h  1 : 2 -  and 2 : 1 - c o m p le x e s  
w i t h  w a t e r  ( i n  d i o x a n ) .  The 2 : 1 - c o m p le x  must  r e p r e s e n t  c r o s s - 1 i n k i n  
o f  two p y r a n o s e  m o l e c u l e s  ( p r o b a b l y  a t  t h e  h y d r o x y - g r o u p s )  b y  a w a t e r
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b r i d g e ,  and i t s  d e t e c t i o n  i s  t h u s  e v i d e n c e  t h a t  s u c h  w a t e r  
b r i d g e s  m ig h t  e x i s t  i n  c e l l u l o s e ;  i n  t h e  1 : 2 - c o m p le x ,  one w a t e r  
m o l e c u l e  may b e  a t t a c h e d  t o  b o t h  t h e  h y d ro x y  and a l d e h y d e  g r o u p s  
o f  t h e  s t r a i g h t  c h a i n  m o l e c u l e  ( x ) ,  o r  a w a t e r  d im e r  t o  one 
a c t i v e  c e n t r e ,  p r o b a b l y  t h e  h y d r o x y - g r o u p .
Us e  o f  T e r n a r y  S o l u t i o n  c o n t a i n i n g  G l u c o s e . -  An a d d i t i o n a l  |
i
c o n f i r m a t i o n  o f  t h e  c o n c l u s i o n s  upon  t h e  b e h a v i o u r  o f  g l u c o s e  
was s o u g h t  by t h e  u s e  o f  a t e r n a r y  s o l u t i o n ,  i n  t h e  f o l l o w i n g  
m a n n e r : -  P h e n o l  a s  one s o l u t e  i n  w a t e r  was u s e d  i n  t h e  n o rm a l  way,  j 
w i t h  g l u c o s e  a s  a  second  s o l u t e ,  b u t  t o  e v e r y  s o l u t i o n  t r i e t h y l a -  
mine was a l s o  a d d e d ,  i n  e q u i m o l a r  p r o p o r t i o n  t o  t h e  g l u c o s e  
p r e s e n t .  By t h e  p r o c e s s  a l r e a d y  o u t l i n e d ,  t h e  amine  s h o u ld  )
s t a b i l i s e  t h e  o p e n - c h a i n  g l u c o s e  m o l e c u l e  r a t h e r  t h a n  t h e  p y r a n o s e  
r i n g ,  and  t h u s ,  by  a n a l o g y  w i t h  t h e  o p e n - c h a i n  a l c o h o l s ,  t h e  
h y d r o x y - g r o u p s  s h o u ld  b e  a v a i l a b l e  f o r  t h e  c o m b i n a t i o n  w i t h  p h e n o l  
e v e n  i n  w a t e r .  T h is  p r o v e s  t o  b e  s o ,  6 : 1 -  and 1 : 1 - c o m p le x e s  j
b e i n g  fo rm ed  b e tw e e n  p h e n o l  and  t h e  a m i n e - g l u c o s e  m i x t u r e  ( P i g . l 8 A ) .  
(The 1 : 1 - c o m p le x  must r e p r e s e n t  i n t e r a c t i o n  o f  p h e n o l  and amine  
a l o n e ;  t h e  6 : 1  com plex  must  b e  e v i d e n c e  t h a t  f i v e  p h e n o l  m o l e c u l e s  
a r e  o c c u p i e d  w i t h  h y d r o x y - g r o u p s  and t h e  s i x t h  e i t h e r  w i t h  t h e  
am ine  n i t r o g e n  o r  t h e  a l d e h y d e  o x y g e n ) .  T h i s  e x p e r i m e n t  t h u s
( x )  The h y d r o x y - g r o u p  i n  t h e  r i n g - s t r u c t u r e  i s  a c co m p an ied  b y  ^ i v e  
e t h e r  g r o u p s ,  e a c h  o f  w hich  would seem t o  h av e  s i m i l a r  r e a c t i v i t y .  
One s h o u l d ,  t h e r e f o r e ,  e x p e c t  a l : 6 - r a t i o  com plex  f o r  t h i s  s t r u c t u r e  
a s  f o r  g l u c o s e  i t s e l f  w i t h  w a t e r  i n  g l y c o l  s o l u t i o n .
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g i v e s  e v i d e n c e  i n  f a v o u r  o f  t h e  o p e n - c h a i n s  s t r u c t u r e  f o r  t h e  
1 : 1 - g l u c o s e  c o m p le x e s  and a l s o ,  i n d i r e c t l y ,  o f  t h e  s u g g e s t e d  
g r e a t e r  a f f i n i t y  f o r  w a t e r  o f  t h e  h y d r o x y - g r o u p s  when i n  t h e  
p y r a n o s e  r i n g .
R e a c t i v i t y  o f  t h e  Azo G r o u p . -  C h e l a t i o n  o f  t h i s  g ro u p  w i t h  
o - a m in o -  o r  h y d r o x y - g r o u p s  i s  e v i d e n t  and t h e  6-membered c h e l a t e  
r i n g  i s  s t a b l e  b o t h  i n  o r g a n i c  s o l v e n t s  and  w a t e r .  The r e a d y  
f o r m a t i o n  o f  i n t e r m o l e e u l a r  b o n d s  by  t h i s  g ro u p  may b e  r e s p o n s i b l e  
f o r  t h e  s o r p t i o n  o f  a z o - d y e s  b y  c e l l u l o s e  a c e t a t e  o r  p o l y e t h y l e n e  
t e r e p h t h e l a t e  ( T e r y l e n e ) .
S o r p t i o n  by C e l l u l o s e  A c e t a t e . -  I t  was p r e v i o u s l y  s u p p o sed  t h a t  
a  h y d r o g e n  bond b e tw e e n  c e l l u l o s e  a c e t a t e  and p h e n o l  (M arsden  and 
U r q u h a r t , l o c . c i t . ) o r  d y es  ( V i c k e r s t a f f , op .  c i t . ) was l o c a t e d  
on t h e  c a r b o n y l  oxygen a to m  o f  t h e  a c e t a t e  r e s i d u e .  The p r e s e n t  
and  r e l a t e d  r e s u l t s  ( A l l i n g h a m  e t .  a l .  l o c .  c i t . ; Cameron e t .  a l .  
p r i v a t e  c o m r a u n ic a t io n j ,p o in t  t o  t h e  bond b e i n g  l o c a t e d  on h y d ro g e n  
a t t a c h e d  t o  c a r b o n  o f  t h e  a c e t y l  r e s i d u e ,  i n  t h e  c a s e  o f  d o n o r  
s o l u t e s  i f  n o t  w i t h  p h e n o l ,  e t c . ,  a l s o .  S u p p o r t i n g  e v i d e n c e  ( t o  
b e  p u b l i s h e d )  i s  p r o v i d e d ,  e . g . ,  b y  t h e  low  a p p a r e n t
h e a t  o f  s o r p t i o n  o f  p h e n o l  ( f r o m  a q u e o u s  s o l u t i o n )  on c e l l u l o s e  
a c e t a t e  ( 2 . 5  k@al . p e r  mol .  compared w i t h  3 . 5  k © a l .  f o r  s o r p t i o n  
on n y l o n ,  w h e re  t h e  bond i s  b e l i e v e d  t o  b e  -N H . . . 0 .  Cameron e t  a l .  
p r i v a t e  c o m m u n i c a t i o n ) .
E s t e r s . -  The f a c t  t h a t  a l i p h a t i c  a c e t a t e s ,  and t h e  a r o m a t i c  
e s t e r s  e x a m in e d ,  c a n  i n t e r a c t  w i t h  compounds c o n t a i n i n g  no f r e e  
h y d r o g e n ,  e . g . ,  a z o b e n z e n e  o r  b e n z o q u i n o n e  may be  i n t e r p r e t e d  a s  
e v i d e n c e  o f  a bond t h r o u g h  h y d r o g e n  a t t a c h e d  t o  t h e  c a r b o n  a tom
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o f  t h e  es te r*  g r o u p ,  t h i s  b e i n g  a c t i v a t e d  by t h e  a d j a c e n t  c a r b o n y l  
oxygen  a tom .
Not  o n l y ,  h o w ev er ,  do t h e  p r e s e n t  r e s u l t s  i n d i c a t e  t h e  
p r e s e n c e  o f  i n t e r m o l e c u l a r  G . . . H  b o n d s ,  b u t  t h e y  a p p e a r  t o  demons­
t r a t e  t h a t  s u c h  b o n d s  c an  e s t a b l i s h  c h e l a t e  r i n g s  i n  c e r t a i n  
compounds.
C h e l a t i o n  t h r o u g h  Hydrogen on G a r b o n : -  P e n t a - a c e t y l  g l u c o s e ,  
l i k e  g l u c o s e  i t s e l f ,  a p p e a r s  t o  r e a c t  i n  t h e  o p e n - c h a i n  a l d e h y d e  
fo rm .  In  t o l u e n e  s o l u t i o n  t h e  a c e t y l  g r o u p s  a r e  u n r e a c t i v e ,  y e t  
t h e y  a r e  r e a c t i v e  when d i o x a n  i s  t h e  s o l v e n t ,  and t h e  a c e t y l  g ro u p  
i n  e t h y l  o r  i s o p r o p y l  a c e t a t e  c a n  f o r m  co m p le x e s  i n  b o t h  d i o x a n  and 
t o l u e n e .  I t  seems c l e a r  t h a t  t h e r e  i s  a n o t h e r  example  i n  p e n t a -  
a c e t y l  g l u c o s e  o f  a s e r i e s  o f  weak c h e l a t e  r i n g s ,  w h ich  a r e  s t a b l e  
i n  t o l u e n e  b u t  a r e  b r o k e n  ev en  by  t h e  w e a k ly  p o l a r  s o l v e n t ,  d i o x a n .  
They a r e  t h u s  even  l e s s  s t a b l e  t h a n  t h o s e  i n  t h e  p o l y h y d r i c  
a l c o h o l s .  I t  i s  d e m o n s t r a t a b l e  b y  s c a l e  models  t h a t  a  s e r i e s  o f  
7-membered r i n g s  c a n  b e  fo rm ed  i n  t h i s  compound,  l e a v i n g  no f r e e  
h y d r o g e n  a s  e n d - g r o u p  ( e x c e p t  t h a t  o f  t h e  a l d e h y d e  g r o u p ) ,  t h u s :
h . c . o . c o . ch3
H.C.O.CO.CHg
T h i s  h y p o t h e s i s  i s  s u p p o r t e d  by t h e  t e s t  w i t h  t r i a c e t y l  g l y c e r o l  
( t r i a c e t i n ) ,  w h ic h  was fo u n d  t o  combine  w i t h  o n l y  one m o l e c u l e  
o f  a  s e c o n d  s o l u t e  ( d i e t h y l a m i n e )  i n  t o l u e n e ,  b u t  w i t h  t h r e e  i n  
d i o x a n .  7-membered c h e l a t e  r i n g s ,  s t a b l e  i n  t o l u e n e  and u n s t a b l e  
i n  d i o x a n  a p p a r e n t l y  t h e r e f o r e  e x i s t  i n  t h i s  compound a l s o .
I n t e r m o l e c u l a r  C h e l a t i o n  t h e  K e t o - g r o u p . -  I n  o r d e r  t o  c h e c k  
t h e  v a l i d i t y  o f  t h e  h y p o t h e s i s  p u t  f o r w a r d  by  Evans and Dippy  ( l o c .  
c i t . ) and r e f e r r e d  t o  a b o v e ,  r e g a r d i n g  i n t e r n a l  c h e l a t i o n  i n v o l v i n g  
h y d r o g e n  on c a r b o n  i n  k e t o n e s  an d  a l i p h a t i c  a c i d s ,  r e s p e c t i v e l y ,  
t h e  b e h a v i o u r  o f  c e r t a i n  c a r b o x y l i c  a c i d s  i n  f o rm in g  i n t e r m o l e c u l a r  
b o n d s  w i t h  a k e t o - g r o u p  was ex am in ed .  When n o t  p r o t e c t e d  by  t h e  
s o l v e n t ,  t h i s  g ro u p  n o r m a l l y  fo rm s  1 : 2 - c o m p l e x e s , e . g . ,  w i t h  
b e n z o i c  o r  f o r m i c  a c i d ,  m e t h a n o l  o r  p h e n o l .  T h ese  may b e  
f o r m u l a t e d ,  e . g . ,  a s  i n  P i g .  1 9 A (a ) .
F i g . l 9 A . B i f u n c t i o n a l i t y  o f  k e t o  and q u in o n e  oxygen a to m s .
The oxygen a to m  t h u s  b e h a v e s  b i f u n c t i o n a l l y  a s  i t  d o es  i n  f o rm in g  
t h e  c h e l a t e  r i n g s  i n  l : 8 - d i h y d r o x y a n t h r a q u i n o n e  ( P a u l i n g ,  l o c . c i t . ) .  
F i g . l 9 A (  c ) . The compounds w h ich  hav e  a n ^  o r  a  g -CH g r o u p ,  
h o w e v e r ,  i . e .  a c e t i c ,  p r o p i o n i c  and t r i m e t h y l a c e t i c  a c i d s ,  fo rm  
o n l y  1 : 1 - c o m p l e x e s , and  f o r  t h e s e ,  i n t e r m o l e c u l a r  c h e l a t e  r i n g s  
( 6 - 6 - a n d  7 -  membered r e s p e c t i v e l y )  may b e  f o r m u l a t e d  ( c f . F i g . l 9 A ( b ) ) 
w h ic h  a r e  i n  f a c t ,  v e r y  s i m i l a r  t o  t h e  i n t e r m o l e c u l a r  c h e l a t e  
compounds Evan and  D ippy  have  s u g g e s t e d .  Though by  no means 
c o n c l u s i v e ,  t h i s  e v i d e n c e  i s  r e g a r d e d  a s  s u p p o r t i n g  t h e  p o s s i b i l i t y  
o f  b o n d s  b e i n g  fo rm ed  t h r o u g h  h y d r o g e n  on c a r b o n  i n  t h i s  c l a s s  
o f  compound. The l : l - b e n z o i c  a c i d - k e t o n e  com plex  c a n n o t  be  
f o r m u l a t e d  a s  a  c h e l a t e  complex  w i t h o u t  i n c l u d i n g  a h y d r o g e n  a to m




( a ) ( c )
0
I l l  -
o f  t h e  "benzene r i n g  and t h e r e  i s  l i t t l e  e v i d e n c e  t h a t  t h i s  i s  
j u s t i f i e d . ( x )
The R e a c t i v i t y  o f  N - A c e t y l g l u c o s a m i n e . -  A kn o w led g e  o f  t h e  "bonding 
r e a c t i o n s  o f  t h i s  s u b s t a n c e  s h o u l d  a s s i s t  i n  t h e  i n t e r p r e t a t i o n  o f  
t h e  s o r p t i o n  phenomena o f  t h e  n a t u r a l  p o l y m e r ,  c h i t  i n ,  o f  w h ich  i t  
i s  t h e  p r i n c i p a l  b u i l d i n g  u n i t .  The m o n o f u n c t i o n a l i t y  o f  i t s  
c o m p l e x - f o r m a t i o n  w i t h  v a r i o u s  second  s o l u t e s  i n  w a t e r  ( T a b l e  4A) 
i s  c o n s i s t e n t  w i t h  a r e a c t i o n  a t  e i t h e r  t h e  e t h e r  oxygen a tom  
a m in e s  o r  w i t h  t h e  n i t r o g e n  a tom  ( w i t h  h y d r o x y l  com pounds) ,  a l l  
o t h e r  p o s i t i o n s  ( i n c l u d i n g  t h e  a m i n o -h y d r o g e n  a t o m ) ,  b e i n g  s o l v e n t  
p r o t e c t e d .  I n  e t h y l e n e  g l y c o l  t h r e e  o f  t h e  f o u r  h y d r o x y - g r o u p s  
a p p e a r  t o  b e  r e a c t i v e  a l s o .  The f o u r t h  i s  p r o b a b l y  i n v o l v e d  i n  
a n  i n t r a m o l e c u l a r  bond ( a  i n  F i g .  20A).  Darmon and R u d a l l  
( F a r a d a y  Soc .  D i s c u s s i o n s , No. 9 ,  1 9 5 0 ,  251)  o b t a i n e d  e v i d e n c e  
o f  t h e  p o s s i b l e  e x i s t e n c e  o f  t h i s  bond (and  o f  unbonded ^ N H  
g r o u p s )  i n  c h i t i n ,  i n  s t u d i e s  w i t h  p o l a r i s e d  i n f r a - r e d  and 
X - r a d i a t i o n .  B e in g  7-membered i t  i s  p r o b a b l y  u n s t a b l e  i n  w a t e r .  
The co m p lex es  i n  w a t e r  a r e  p r o b a b l y  fo rmed e i t h e r  w i t h  t h e  a l d e h y d e  
g r o u p  o f  t h e  o p e n - c h a i n  t a u t o m e r ,  o r  w i t h  t h e  a m i n o - n i t r o g e n  a to m .
F i g .  20A. S u g g e s t e d  i n t r a m o l e c u l a r  bond i n  N - a c e t y l g l u c o s a m i n e .
H- HNCGH3
( x )  J o n e s  and B a d g e r s  r e s u l t s  ( v i d e  s u p r a ) w ere  o b t a i n e d  i n  o r g a n i c  
s o l v e n t s .
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EXPERIMENTAL.
M a t e r i a l s . -  A l l  t h e  compounds u s e d  were  e i t h e r  o f  a n a l y t i c a l  
r e a g e n t  q u a l i t y  o r  w ere  p u r i f i e d  i n  t h e  l a b o r a t o r y ,  f rom  c o m m e rc ia l  
o r  l a b o r a t o r y - p r e p a r e d  p r o d u c t s .  The n a p h t h a l e n e  s u l p h o n i c  a c i d s  
w e re  p u r i f i e d  b y  r e c r y s t a l l i s a t i o n  f ro m  w a t e r  and t h e  two D u r a n o l  
d y e s  b y  S o x h l e t  e x t r a c t i o n  w i t h  b e n z e n e ,  f o l l o w e d  by r e c r y s t a l l i s a ­
t i o n .  A l l  s o l v e n t s  w ere  c o m p l e t e l y  d r i e d .  The d i o x a n  and 
m e t h a n o l  w ere  o f  t h e  " s p e c i a l l y  d r i e d "  q u a l i t y  ( B . D . H . ) u sed  f o r  
K a r l  F i s c h e r  t i t r a t i o n s .  E t h y l e n e  g l y c o l  was f i r s t  f r a c t i o n a t e d  
a n d  t h e n  p a s s e d  t h r o u g h  a  co lumn o f  a c t i v a t e d  a l u m i n a .
2 : 3 - B e n z - 9 - a n t h r a n o l  was p r e p a r e d  b y  F i e s e r ’ s m ethod 
( J . A m e r . C h e m . S o c . , 1 9 3 1 ,  5 3 ,  2 3 2 9 ) .  I t  fo rmed b u f f  c r y s t a l s ,  
m . p . l 7 6 ° G . , an d  would n o t  c o u p l e  w i t h  d i a z o  s o l u t i o n s ;  t h u s  i t  
e x i s t s  a s  a  q u in o n e  and n o t  an  e n o l .
Azobenzene  4 - S u l p h o n i c  A c i d . -  T h i s  was p r e p a r e d  b y  
t r e a t i n g  a z o b e n z e n e  ( l  p a r t )  w i t h  2 0 $  o leum  (5  p a r t s )  a t  1 3 0 ° 0 .  
f o r  15 m i n . , f o l l o w e d  b y  c o o l i n g ,  d r o w n in g  i n  c o l d  w a t e r ,  and  
r e c r y s t a l l i s a t i o n  f rom  w a t e r .  O range  p l a t e s ,  m.p .  127°C.
N - D i e t h y l a c e t a m i d e . -  T h i s  was p r e p a r e d  i n  s m a l l  y i e l d  
f ro m  a c e t y l  c h l o r i d e  and  d i e t h y l a m i n e , b y  t h e  method u s e d  f o r  
N - n - b u t y l - p r o p i o n a m i d e , g i v e n  by  T G i l e s ,  Rose  and V a l l a n c e <
( J . G . S . ♦ 1 9 5 2 ,  3799)  B . p . l 8 0 ° C .  ( t h e  s am p le  o f  N - d i m e t h y l - a c e t a m i d e  
was k i n d l y  s u p p l i e d  by  Dr.  M.A.T. R o g e r s ) .
I n s t r u m e n t s  and P r o c e d u r e . -  T h e se  have  a l r e a d y  b e e n  
d e s c r i b e d  i n  S e c t i o n  1.
Where n e c e s s a r y ,  t h e  c o n c l u s i o n s  r e a c h e d  hav e  b e e n  


















Pig#  • R e la t io n  "between square o f  r e f r a c t i v e  in d ex
and m olar c o n c e n t r a t io n  in  non-aqueous
s o l u t i o n s .
2 . 0 3
s c a l e
2 .0 2
2 .2 4 0
2 . 2 6
2 . 2 5
0 . 50 . 40 . 30 .20.1
M olar  C o n c e n t r a t i o n .
a )  = W a te r  i n  d i o x a n  ( 2 0 ° C . )  c )  = Azotoenzene i n
b )  = P h e n o l  i n  t o l u e n e  ( 1 9 ° C . )  t o l u e n e  ( 1 9 ° 0 . )d )  = B enz oqu inone  i n
t o l u e n e .  (19  C . )
f o r
ou-
P i g .  2A . R e l a t i o n  b e t w e e n  s q u a r e  o f  r e f r a c t i v e  i n d e x
and m ola r  c o n c e n t r a t i o n  i n  aq u e o u s  s o l u t i o n s .1 . 8 2
1 . 8 1
1 . 8 0
1 . 7 9
1 . 7 8
1 . 7 7
0 0.1 0.2 0 . 4 0 . 5
M o la r  C o n c e n t r a t i o n
a  = G lu c o s e  o r  Manji to l  (1 9  C) e = G l y c e r o l ( 2 0 °  C ) .  
b  = P h e n o l  ( 1 9 °  C ) .  d = D i m e t h y l f o r m a m id e ( l 9 °  C ) .
F i g .  SA. A d d i t i v i t y  o f  s o u a r e  o f  r e f r a c t i v e  
i n d e x  f o r  n o n - i n t e r a c t i n g  s o l u t e s .
2 . 2 5
2 . 2 4
A 0 0 . 0 2  0 . 0 4  0 . 0 6  0 . 0 8  0 . 1
B 0 . 1  0 . 0 8  0 . 0 6  0 . 0 4  0 . 0 2  0
M o la r  C o n c e n t r a t i o n .
a )  Curve  f o r  b e n z o q u i n o n e  a l o n e .  v A= B e n z o q u in o n e
b )  Curve f o r  A zobenzene  a l o n e .  v B= A zo b e n z e n e .
c )  Curve  f o r  b i n a r y  s o l u t i o n s  o f  A+B.
F ig .4 A  . R e la t io n  b etw een  square o f  r e f r a c t i v e
in d ex  and Component r a t i o  in
b in a r y  s o l u t i o n s .
2 .0 2 5
a 2.020
2 . 0 1 5
2 . 0 2 5 TT
a 2 .0 2 0
2 . 0 1 5  __
A 100 6080 40 20 0
B O  20 40 60 80 100
M ola r  r a t i o
T o p : -  A = p - N i t r o p h e n o l ;  B= D i e t h y l a m i n e . ( D , 2 0 °  C)
B o t t o m : -  A = R e s o r c i n o l ; B= D i e t h y l a m i n e . ( D , 2 0 °  C)
F i g .  5A • R e l a t i o n  b etw een  square o f  r e f r a c t i v e
in d e x  and component r a t i o  in  b in a r y
s o l u t i o n s .
2 .1 5
2 . 1 4
80 60 40 20 0
B O  20 40 60 80 100
M o la r  r a t i o .











F i g .  6A • R e la t io n  betw een  molar r a t i o ,  square o f
r e f r a c t i v e  in d e x ,  and apparent m o le c u la r  w e ig h t
in  b in a r y  s o l u t i o n s  o f  azob en zen e and p h en o l.
2 . 2 4 5 0
2 . 2 4 0 0





B O  20 40 60 80 100
M ola r  r a t i o  











F i g .  WA R e l a t i o n  b e t w e e n  m o la r  r a t i o s ,  s q u a r e  o f
r e f r a c t i v e  i n d e x  and  a p p a r e n t  m o l e c u l a r  w e i g h t  i n





2 .2 5 5 -
2 . 2 4  L_
A 100 40 20 06080
B 0 20 60 80
= T r i e t h y l a m i n e ;
40
M o la r  r a t i o  












P i g .  8A • R e l a t i o n  ‘b e tw e e n  m o la r  r a t i o ,  s q u a r e  o f
r e f r a c t i v e  i n d e x ,  and a p p a r e n t  m o l e c u l a r  w e i g h t  
i n  b i n a r y  s o l u t i o n s  o f  a z o b e n z e n e  and e t h y l  
a c e t a t e .
i 1 i
2 . 2 7 *
2 . 2 6 - -







A 100 20 0406080
B O  20 40 60 80 100
M o la r  r a t i o  











F i g .  9A • R e l a t i o n  b e t w e e n  m o la r  r a t i o ,  s q u a r e  o f  
r e f r a c t i v e  i n d e x ,  and  a p p a r e n t  m o l e c u l a r  
w e i g h t  i n  b i n a r y  s o l u t i o n s  o f  b e n z o q u i n o n e  
and  a l k y l  a c e t a t e s .
2 . 2 4
a
2 . 2 3




A 100 40 0206080
B O  20 40 60 80 100
M o la r  r a t i o
Top : A = i s o - P r o p y l  A c e t a t e ;  B = B e n z o q u in o n e .  
Bo t tom  : A = E t h y l  A c e t a t e ;  B = B e n z o q u in o n e .
F i g .  10A. D e t e c t i o n  o f  i n t r a m o l e c u l a r  "bonds "by
d i e l e c t r i c  c o n s t a n t  method*






0 . 1 5 TT T
0 L
A 100 80 60 40 20
B O  20 40 60 80 100
M o la r  r a t i o  
Top = A = P h e n o l ;  B = p -  N i t r o p h e n o l .
M id d le  = A = P h e n o l ;  B = N i t r o b e n z e n e .












F i g .  13A* R e la t io n s  b e tw een  d i e l e c t r i c  c o n s ta n t  s
and component r a t i o  in  b in a r y  s o l u t i o n s .
0 .3 0
0 . 1 5
0
0 . 3 0
0 . 1 5  -
0 . 3 0
0 . 1 5
Top A 
M id d le  A 
Bo t to m  A
____________I
— — O — O "
N - n - B u t y l  p r o p io n a m i d e  B 
N - n - B u t y l  p r o p io n a m i d e  B 
D i e t h y l a m i n e  B
m
-<]
Benzoqu i  
W ate r  
o - N i t r o p h
1 ±
one
e n o l
A 100 80 60 40 20
B O  20 M ol4r  r a t i o  60 80
x  The o r d i n a t e s  show i n c r e m e n t s  o f  d i e l e c t r i c  c o n s t a n t  
on a r b i t r a r y  b a s e  l i n e s 9 n o t  a b s o l u t e  v a l u e s .
Fig*  14A • R e l a t i o n  b e tw e e n  s q u a r e  o f  r e f r a c t i v e  i n d e x  and component  r a t i o *
i n  b i n a r y  s o l u t i o n s .
1 . 7 9 5 0
T o p  =  A =  P h e n o l .  B  =  M e t h a * j > l .  ( w )
M i d d l e  =  A  =  M e t h a n o l . B  =  1 : 5  -  P e n t ! $ Q ) ^ d i o l .  ( D )  
B o t t o m  = P h e n o l .  B =  D  -  G lu c o s e
1 . 7 8 5 0
1 . 7 7 5 0N
2 . 0 4 0 5
2 . 0 3 8 5
1 . 8 0 4 5
1 . 8 0 2 5






M o l a r  r a t i o
P i g .  1 5 A  • R e l a t i o n  b e t w e e n  s q u a r e  o f  r e f r a c t i v e  i n d e x  a n d  c o m p o n e n t  r a t i o
i n  b i n a r y  s o l u t i o n s .
_  2 . 0 3 2 0
2 (D; 0.1M. 20°,)
B  =  E r y t h r ^ s t o l  ( C ;  0 . 06M ?  1 8 ° c )  
B =  D - G l u c o s V .  ( B . G ;  0 . 1 M . 1 4 ° C )
A  ss A z o b e n z e n e  B =- W a t  
A  =  M e t h a n o l  
A  =  W a t e r
-  2 . 0 2 8 0
- 1 . 9 0 9 0








nT q r» -pa-M r.
R e l a t i o n  "between s q u a r e  o f  r e f r a c t i v e  
i n d e x p a n d  component  r a t i o  i n  
F ig . l 6 A  . b i n a r y  s o l u t i o n s .
0 .3 0
0 . 1 5
0 . 3 0 T
0 . 1 5
0 .3 0
1 T e r e p h t h a l a t e ( T ; - 0 .1 M .v - T o p  A = T r i e t h y l a m i n e  B=in>e4^iy:
M id d le  A = N - n - B u t y l p r o p i o n a >Tioes^ Q B=B enzoqu inone(  
B o t to m  A = S ty re n e  B=water(D;0/2M7,9Q° C)
A 100 80 60 40 20 0
B O  20 4 0 60 80 100
M o la r  r a t i o
XThe o r d i n a t e s  show i n c r e m e n t s  o f  s q u a r e  o f  r e f r a c t i v e  
i n d e x ,  on a r b i t r a r y  b a s e  l i n e s ,  n o t  a b s o l u t e  v a l u e s .
Fig,17A . R e l a t i o n  b e t w e e n  s q u a r e  o f  r e f r a c t i v e  
i n d e x  and com ponen t  r a t i o  i n  b i n a r y
s o l u t i o n s2 . 0 3 0 0
020406080A 100
B 0 20 40 60 80 100
M o la r  r a t i o  





























































PART 1 1 1 .
S o r p t i o n  S t u d i e s *
S e c t i o n  1 .  The S o r p t i o n  o f  Logwood G o l o u r in g
M a t t e r s  b y  F i b r e s .
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PART I I I .  SORPTION STUDIES,
S e c t i o n  1 .  The S o r p t i o n  o f  Logwood C o l o u r i n g
 M a t t e r s  by  F i b r e s . ____________
The i n v e s t i g a t i o n s  made i n  r e c e n t  y e a r s  upon  t h e  t h e o r ­
e t i c a l  b a s i s  o f  d y e i n g  mechanisms h a v e  b e e n  c o n c e r n e d  w i t h  s y n t h e t i c  
d y e s ,  u s u a l l y  s u l p h o n a t e d  a z o  d y e s .  L i t t l e  o r  no a t t e n t i o n  h as  
b e e n  p a i d  t o  t h e  u s e  o f  n a t u r a l  c o l o u r i n g  m a t t e r s .  S c i e n t i f i c  
r e s e a r c h  h a s  t h u s  r e f l e c t e d  t h e  p r e v a i l i n g  t e c h n i c a l  p r a c t i c e ,  f o r  
t h e  n a t u r a l  p r o d u c t s  a r e  now o f  much l e s s  i m p o r t a n c e .  N e v e r t h e l e s s  
a s t u d y  o f  t h e  d y e i n g  p r o c e s s e s  o f  t h e  n a t u r a l  m a t e r i a l s  s h o u l d  
h a v e  some i n t r i n s i c  i n t e r e s t ,  n o t  o n l y  b e c a u s e  o f  t h e  f o rm e r  
i m p o r t a n c e  o f  t h e s e  p r o d u c t s ,  b u t  a l s o  b e c a u s e  t h e  s t r u c t u r a l  
f e a t u r e s  r e s p o n s i b l e  f o r  t h e i r  c o l o u r  and d y e i n g  p r o p e r t i e s  d i f f e r  
m a r k e d l y ,  i n  most  c a s e s ,  f ro m  t h o s e  o f  t h e i r  s y n t h e t i c  c o u n t e r p a r t s .
A s y s t e m a t i c  i n v e s t i g a t i o n  has  t h e r e f o r e  b e e n  u n d e r t a k e n  
t o  e l u c i d a t e  t h e  d e t a i l s  o f  t h e  p r o c e s s e s  b y  w h ic h  logwood b l a c k  
i n  p a r t i c u l a r  i s  formed i n  t h e  f i b r e .  T h i s  n a t u r a l  c o l o u r i n g  
m a t t e r  i s  s t i l l  w i d e l y  u se d  and m o re o v e r ,  i t s  m o l e c u l a r  s t r u c t u r e  
h a s  some r e s e m b l a n c e  t o  t h a t  o f  n a t u r a l  t a n n i n s ,  so t h a t  i t s  
r e a c t i o n s  w i t h  p r o t e i n  f i b r e s  and  m e t a l s  may h a v e  i n t e r e s t  i n  o t h e r  
d i r e c t i o n s .  The h i s t o r y  and p r o p e r t i e s  o f  t h e  m a t e r i a l  a r e  
a d m i r a b l y  sum m ar ised  by  B i r d  and Newsome, J . S . D . C . , 6 6 ,  423 ( 1 9 5 0 ) ,  
who made v e r y  t h o r o u g h  i n v e s t i g a t i o n s  t o  e s t a b l i s h  t h e  d y e i n g  and 
m o r d a n t i n g  m ethods  n e c e s s a r y  t o  p rom ote  t h e  b e s t  f a s t n e s s  p r o p e r t i e s  
Logwood i s  t h e  h e a r tw o o d  o f  t h e  t r e e  H aem atoxy lon  c a m p e a c h ia n u m , 
grown m a i n l y  i n  t h e  West I n d i e s .  I n t r o d u c e d  t o  S u ro p e  b y  t h e
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S p a n i s h  a f t e r  t h e i r  American  c o n q u e s t s ,  i t s  u s e  became so w e l l  
e s t a b l i s h e d  t h a t  b y  t h e  m id d le  o f  t h e  n i n e t e e n t h  c e n t u r y  i t  had 
become t h e  most  i m p o r t a n t  o f  a l l  d y e s ,  b u t  w i t h  t h e  i n c r e a s i n g  
u s e  o f  s y n t h e t i c  p r o d u c t s ,  o f t e n  o f  s u p e r i o r  f a s t n e s s  p r o p e r t i e s ,  
i t s  i m p o r t a n c e  has  d e c l i n e d ,  t h o u g h  i t  i s  s t i l l  i n  q u i t e  w id e ­
s p r e a d  u s e ,  and in d ee d  i s  t h e  o n l y  n a t u r a l  c o l o u r i n g  m a t t e r  w h ic h  
i s  now consumed i n  l a r g e  q u a n t i t i e s .
When m ordan ted  w i t h  chromium logwood p r o d u c e s  a s h a d e  
o f  b l a c k  w i t h  an  a t t r a c t i v e  b l u i s h  c a s t ,  and i t  c a n  be  u s e d  on 
w o o l ,  s i l k ,  l e a t h e r ,  n y l o n  and a c e t a t e  r a y o n .  A lum in ium ,  
c o p p e r ,  i r o n  and t i n  have  b e e n  u se d  a s  m o rd a n ts  i n  e a r l i e r  t i m e s ,  
b u t  chromium i s  a l m o s t  e x c l u s i v e l y  u s e d  t o - d a y .  The c o l o u r i n g  
p r i n c i p l e  o f  logwood i s  h a e m a t o x y l i n  ( I B ( a ) ) ( C . I .  Ho. 1 2 4 6 ) ,  
w h ic h  i s  i t s e l f  c o l o u r l e s s ,  b u t  i s  r e a d i l y  o x i d i s e d  t o  t h e  d a r k  
b ro w n  c o l o u r e d  h a e m a t e i n  ( I B ( b ) ) .
d e t e r m i n e d  b y  P e r k i n  and R o b i n s o n ,  J . C . S . T r a n s . , 9 3 ,  4 8 9 ,  1115 
( 1 9 0 8 )  ( s e e  P e r k i n  and E v e r e s t ,  The N a t u r a l  O r g a n i c  C o l o u r i n g  
M a t t e r s  (London:  Longmans G reen  and Go. L t d . ,  1 9 1 8 ) ,  th o u g h  t h e y
I B ( a )
I T ^  
\
Ho cH 
H a e m a to x y l in
0
H a e m a te in
The s t r u c t u r e s  o f  a l l  t h e s e  compounds w ere  f i r s t  f u l l y
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h a v e  n e v e r  h e e n  s y n t h e s i s e d .  The B r a z i l  wood c o l o u r i n g  m a t t e r s
p r o d u c e  r e d d i s h - p u r p l e  t o  b row n  s h a d e s  on chromium m o r d a n t ,  o f
i n d i f f e r e n t  f a s t n e s s  p r o p e r t i e s  and  o f  l i t t l e  c u r r e n t  i m p o r t a n c e .
The A p p a r e n t  h e a t  o f  s o r p t i o n .
The h e a t  change  o b s e r v e d  when a  s o l u t e  i s  s o r b e d  b y  a
f i b r e ,  w h ich  i s  a c t u a l l y  t h e  a l g e b r a i c  sum o f  t h e  c h a n g e s  i n v o l v e d
i n  r e m o v in g  t h e  s o l u t e  f ro m  s o l u t i o n  and t h e n  a t t a c h i n g  i t  t o  t h e
s u r f a c e ,  and  w h ich  i s  h e r e  r e f e r r e d  t o  a s  t h e  a p p a r e n t  h e a t  o f
s o r p t i o n ,  i s  u s e f u l  f o r  c e r t a i n  c o m p a r a t i v e  p u r p o s e s  when s t u d y i n g
t h e  n a t u r e  o f  bonds  formed d u r i n g  s o r p t i o n .  W hile  i t  g i v e s  no
t r u e  i n d i c a t i o n  o f  t h e  a c t u a l  h e a t  o f  f o r m a t i o n  o f  t h e  bond w h ich
u n i t e s  s o l u t e  and f i b r e ,  i t  c a n  be  u s e d  i n  c o m p a r in g  t h e  n a t u r e  o f
a t t a c h m e n t  o f  d i f f e r e n t  s o l u t e s  on t h e  same f i b r e ,  o r  o f  t h e  same
s o l u t e s  on d i f f e r e n t  f i b r e s  and  i t  a p p e a r s  t o  b e  a d d i t i v e  (Cam eron ,
G i l e s ,  L o c k h a r t ,  and  M ood ie ,  t o  b e  p u b l i s h e d ) .  I t  has  b e e n  u s e d
i n  t h i s  way i n  t h e  p r e s e n t  w o rk ,  and h a s  b e e n  d e t e r m i n e d  f # om a
0.h> L
|KT^Tg / ( T j - T g)j I n  CB2/ ’0B , w here  / ^ g s i s  t h e  a p p a r e n t
h e a t  o f  s o l u t i o n  arid Cg^,  C32 a r e  b a t h  c o n c e n t r a t i o n s  ( s t r i c t l y ,  
a c t i v i t e s ,  b u t  o n l y  d i l u t e  s o l u t i o n s  a r e  u s e d ) ~ i n .  e q u i l i b r i u m ,  a t  
t e m p e r a t u r e s  T]_ and Tg r e s p e c t i v e l y ,  w i t h  a g i v e n  c o n c e n t r a t i o n "  
i n  t h e  f i b r e .
D e t e r m i n a t i o n  o f  A p p a re n t  H ea t  o f  S o r p t i o n .
T h i s  h as  b e e n  m easured  by  a  d e r i v a t i o n  o f  t h e  V an ’ t  H o f f  
e q u a t i o n ,  r e l a t i n g  t h e  change  o f  h e a t  o f  r e a c t i o n  w i t h  t e m p e r a t u r e  
t o  t h e  e q u i l i b r i u m  c o n s t a n t  k ,  o f  a r e v e r s i b l e  r e a c t i o n : -
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/ gip — C -  I n k
I f  m e a su re m e n ts  a r e  t a k e n  a t  two t e m p e r a t u r e s ,  T-j_ and  Tg,  
s u f f i c i e n t l y  c l o s e  f o r  A  H° t o  "be r e g a r d e d  as  c o n s t a n t ,  we have
w h e r e  e t c .  a r e  t h e  c o n c e n t r a t i o n s  ( s t r i c t l y  t h e  a c t i v i t i e s )  
o f  t h e  s o l u t e  i n  t h e  b a t h  and  t h e  f i b r e ,  r e s p e c t i v e l y ,  and F i s  t h e  
a c t i v i t y  o f  t h e  f i b r e  i t s e l f .  I f  d i l u t e  s o l u t i o n s  a r e  u s e d  and
t e m p e r a t u r e s  a r e  s e l e c t e d - ^  f rom  t h e  i s o t h e r m s  s u c h  t h a t  t h e  
c o n c e n t r a t i o n  o f  s o l u t e  i n  t h e  f i b r e  i n  b o t h  c a s e s  i s  i d e n t i c a l ,  
t h e n  we h av e
S o r p t i o n  Mechanism : H a e m a to x y l in .
I n  o r d e r  t o  o b t a i n  a n  i n s i g h t  i n t o  t h e  c h e m i s t r y  o f  t h e i r  
a t t a c h m e n t  t o  t h e  f i b r e ,  i s o t h e r m s  f o r  t h e  s o r p t i o n  o f  t h e  v a r i o u s  
c o l o u r i n g  m a t t e r s  w ere  o b t a i n e d  a t  v a r i o u s  t e m p e r a t u r e s ,  t h e  p e r i o d  
r e q u i r e d  f o r  e q u i l i b r i u m  t o  b e  r e a c h e d  h a v i n g  f i r s t  b e e n  a s c e r t a i n e d  
by r a t e  m e a s u re m e n t s .
H a e m a to x y l in  and b r a z i l i n .  T y p i c a l  i s o t h e r m s  f o r  h a e m a t o x y l i n  a r e  
shown i n  P i g s .  IB and  2B. An i n t e r p r e t a t i o n  o f  t h e s e  f o l l o w s .
C e l l u l o s e .
The s u b s t a n t i v i t y  o f  h a e m a t o x y l i n  f o r  c e l l u l o s e  i s  so  low 
as  t o  b e  h a r d l y  m e a s u r e a b l e .  T h i s  i s  c l e a r l y  owing t o  t h e  m o l e c u l e
two v a l u e s  o f  b a t h  c o n c e n t r a t i o n ,  Cg^ and  Cg^ , a t  t h e  two
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n o t  b e i n g  s u f f i c i e n t l y  l o n g  f o r  t h e  c e l l u l o s e  m o l e c u l e  t o  e x e r t  
a n  a p p r e c i a b l e  a t t r a c t i v e  f o r c e  upon  i t  when t h e  two a r e  
a d l i n e a t e d .  I t s  m o le c u le  i s ,  i n  f a c t ,  o f  c o m p a r a b le  l e n g t h  t o  
t h o s e  o f  s i m p l e  monoazo d y e s ,  w h ic h  a l s o  hav e  v i r t u a l l y  no ^
s u b s t a n t i v i t y , f o r  t h e  same r e a s o n .
C e l l u l o s e  A c e t a t e .
S o r p t i o n  o f  dyes  b y  t h i s  f i b r e  i s  b e l i e v e d  t o  t a k e  
p l a c e  t h r o u g h  h y d ro g e n  bon d s  b e t w e e n  i t s  a c e t y l  g r o u p s  and s u i t a b l e  
g r o u p s ,  e . g . , OH, NHg, i n  t h e  d y e . ( x )  H a e m a to x y l in  o b v i o u s l y  
h a s  a  number  o f  p o s s i b l e  h y d r o g e n - b o n d i n g  s i t e s  i n  i t s  m o l e c u l e .
A l l  f o u r  h y d r o x y - g r o u p s  sh o u ld  b e  e f f e c t i v e ,  s i n c e  t h e  c h e l a t e  
bond  u n i t i n g  p a i r s  o f  o - h y d ro x y  g r o u p s  i s  5-membered and weak 
( P a u l i n g )  so  i t  i s  l i k e l y  t o  be  b r o k e n  i n  w a t e r .  D i e l e c t r i c  
c o n s t a n t  m e asu rem en ts  i n  a s o l v e n t  ( P i g .  3B) made b y  t h e  method o f  
G i l e s ,  Rose  and V a l l a n c e ^  J . C . S .  1 9 5 2 ,  3799)  show t h a t  h a e m a to x y ­
l i n  h a s  | i v e  g ro u p s  c a p a b l e  o f  c o m b in in g  w i t h  p h e n o l  ( t h e  f i f t h  
must  b e  e i t h e r  t h e  e t h e r  o x y g e n  o r  t h e  a l c o h o l i c  g r o u p ) .  T h e r e  
i s  a l s o  an  a b u n d an ce  o f  a c e t y l  g r o u p s  i n  t h e  f i b r e  a v a i l a b l e  
a s  s o r p t i o n  s i t e s .  One s h o u ld  t h u s  e x p e c t  a t  l e a s t  a l l  f o u r  
h y d r o x y - g r o u p s  i n  t h e  compound t o  b e  a t t a c h e d  t o  t h e  f i b r e ,  
f o r  w h ic h  i t  w i l l  t h e r e f o r e  a c t  a s  a c r o s s - l i n k i n g  a g e n t .  I t  
i s ,  i n  f a c t ,  s o r b e d  t o  a  much l e s s  e x t e n t  ( o f  t h e  o r d e r  o f  5
( x )  I t  h a s  r e c e n t l y  b e e n  s u g g e s t e d  ( A i l i n g h a m  e t  a l ) t h a t  t h e  
b o n d  may i n  some c a s e s ,  i f  n o t  i n  a l l ,  l i e  b e t w e e n  t h e  -CHg o f  
t h e  a c e t y l  g r o u p  and 0 o r  N i n  t h e  dy e .
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p e r  c e n t  b y  w e i g h t )  t h a n  i n  p h e n o l  (^>100 p e r  c e n t  b y  w e i g h t ,  
M a rsd e n  and  U r q u h a r t ) . ( J .  T e x t .  I n s t . , 1942 ,  33  ^ T105)
The a p p a r e n t  h e a t  o f  s o r p t i o n  o f  p h e n o l  f o r  c e l l u l o s e  
a c e t a t e  i s  g i v e n  b y  Marsden and U r q u h a r t  a s  a b o u t  - 3 k  c a l .  p e r  mol.  
b u t  t h a t  o f  h a e m a t o x y l i n  f o r  t h i s  f i b r e  v a r i e s  o v e r  a r a n g e  o f  
- 4 . 5  t o  - 8 . 5  k  c a l .  p e r  m ol ,  f rom  d e t e r m i n a t i o n s  made f rom  t h e  
^ - s h a p e d  i s o t h e r m s  o f  P i g .  IB.  I f  t h i s  r e p r e s e n t s  t h e  
f o r m a t i o n  o f  f o u r  h y d ro g e n  b o n d s  t h e i r  i n d i v i d u a l  a p p a r e n t  h e a t  
o f  f o r m a t i o n  i s  c l e a r l y  l e s s  t h a n  t h a t  r e p o r t e d  b y  M arsden  and 
U r q u h a r t ,  J .  T e x t .  I n s t . , 1 9 4 2 ,  3 3 ,  T105 f o r  p h e n o l ,  b u t  t h e  
s o r p t i o n  i s o t h e r m s  o f  p h e n o l  f o r  c e l l u l o s e  a c e t a t e  ( P i g . 4 B )  
g a v e  a  v a l u e  o f  Ga -  1 . 5  k  c a l .  p e r  m o l . , and  on c a l c u l a t i n g  
on t h e  b a s i s  o f  f o u r  h y d ro g e n  b o n d s ,  t h e  v a l u e  f a l l s  w i t h i n  t h e  
r a n g e  o f  t h e  v a l u e  d e t e r m in e d  f o r  h a e m a t o x y l i n  on c e l l u l o s e  
a c e t a t e .  ( A p p a r e n t  h e a t  o f  s o r p t i o n  o f  p h e n o l  f o r  c e l l u l o s e  
a c e t a t e  a s  d e t e r m i n e d  b y  (Gameron,  P r i v a t e  C om m unica t ion)  = - 2 . 5  
k  c a l .  p e r  m o l ) .
N y l o n ,  Wool.
The i n t e r n a l  h y d ro g e n  bonds  i n  t h e s e  f i b r e s  a p p e a r  t o  
b e  t o o  s t r o n g  t o  b e  b r o k e n  by many g r o u p s  i n  s o l u t e s  ( A l l i n g h a m ,
It V
G i l e s  and N e u s t a d t e r ,  i n  t h e  p r e s s ) ,  b u t  p h e n o l i c  g r o u p s  a r e  i n  
many c a s e s  a b l e  t o  b r e a k  them,  and  t h u s  t o  fo rm  new bonds  w i t h  
t h e  f i b r e  m o l e c u l e ;  e . g . ,  p h e n o l  i t s e l f ,  w h ic h  r e a d i l y  s w e l l s  
and  d i s s o l v e s  n y l o n .  H a e m a to x y l in  s h o u l d  t h e r e f o r e  be  a b l e  t o  
a c t  a s  a c r o s s - l i n k i n g  a g e n t  f o r  n y l o n  o r  w o o l .  I t  i s  f o u n d ,  
e . g . ,  t h a t ,  b y  a s i m i l a r  method t o  t h a t  r e p o r t e d  ab o v e  f o r  
h a e m a t o x y l i n  and p h e n o l ,  f o u r  m o l e c u l e s  o f  d im e th y l fo r m a m id e
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c a n  become a s s o c i a t e d  w i t h  one o f  h a e m a t o x y l i n .  The a p p a r e n t  
h e a t  o f  s o r p t i o n  o f  p h e n o l , f ro m  a q u eo u s  s o l u t i o n ,  by n y l o n  i s  
a b o u t  - 3  + 0 , 5  k  c a l .  p e r  mol.  (B ran d  and L a i d l a w ,  t h e s e s ,  Glasgow 
1 9 4 9 ) ,  so  t h a t  i f  a n y lo n  m o l e c u l e  b e h a v e s  l i k e  t h e  am ide  g r o u p  
i n  d i m e t h y l f o r m a m i d e , one s h o u ld  e x p e c t  a v a l u e  f o r  h a e m a t o x y l i n  
l y i n g  b e t w e e n  -1 0  and - 1 4  k  c a l .  p e r  mol.  A c t u a l l y  t h e  
i s o t h e r m s  ( P i g .  IB) g i v e  a v a l u e  o f  ca  -1 3  + 1 k  c a l . , w h ic h  i s  
i n  good a g r e e m e n t  w i t h  p r e d i c t i o n .  The b o n d s  a r e  p r o b a b l y  o f
NH 0 t y p e  r a t h e r  t h a n  OH 0 ,  b e c a u s e  ( a )  t h e  C=0 g r o u p
may be  p r e f e r e n t i a l l y  p r o t e c t e d  by  w a t e r  ( A r s h i d ,  G i l e s ,  M cLure ,  
O g i l v i e  and R o s e ,  t o  be  p u b l i s h e d )  and ( b )  t h e  d a t a  a g r e e  w i t h  
t h e  a p p a r e n t  h e a t  o f  f o r m a t i o n  ( c a  - 3 . 3  k  c a l .  p e r  m o l . ) o f
NH 0 b o n d s  b y  s o r p t i o n  f rom  w a t e r  d e r i v e d  i n d i r e c t l y ,  f ro m
e x p e r i m e n t s  on ^ - A l g 0 3 ( x )  ( A r s h i d ,  M e h ta ,  p r i v a t e  com m unica t ion ) .
The c o r r e s p o n d i n g  v a l u e  f o r  w o o l ,  h o w e v e r ,  d e l v e d  
f r o m  t h e  i s o t h e r m s  o f  P i g .  2B, i s  a b o u t  - 1 3  k  c a l .  p e r  m o l . ,  
w h i c h  i s  a l s o  i n  good a g re e m e n t  w i t h  p r e d i c t i o n .
Owing t o  t h e  s m a l l  q u a n t i t y  o f  b r a z i l i n  a v a i l a b l e  and  
t h e  d i f f i c u l t y  o f  a n a l y s i n g  i t  ( u n l i k e  h a e m a t o x y l i n  i t  d o e s  n o t  
fo rm  w a t e r - s o l u b l e  l a k e s )  no s o r p t i o n  e x p e r i m e n t s  w ere  made w i t h  
i t ,  b u t  t h e r e  seems no r e a s o n  t o  d o u b t  t h a t  i t  would  show v e r y  
s i m i l a r  b e h a v i o u r  t o  h a e m a t o x y l i n ,  e s p e c i a l l y  a s  b r a z i l e i n  and  
h a e m a t e i n  b e h a v e  a l m o s t  i d e n t i c a l l y  i n  s o r p t i o n  ( D e s a i ,  Ph .D .  
t h e s i s  1 9 4 8 ) .
( x )  - 4 . 5  k  c a l .  f o r  OH 0 f rom  t o l u e n e  o r  w a t e r ;  - 3 . 3  k  c a l .  f o r
NH— -0  f ro m  t o l u e n e .
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A b s o r p t i o n  d a t a  o f  h a e m a t o x y l i n  f o r  c e l l u l o s e  a c e t a t e ,  
n y l o n  and w o o l 03^  g i v e n  i n  T a b l e s  IB ,  2B and 3B r e s p e c t i v e l y .  
T a b le  4B g i v e s  t h e  d a t a  o f  p h e n o l  f o r  c e l l u l o s e  a c e t a t e .
TABLE IB.
Temp. 6 0 C)c . Temp 50 ° 0 .
E q u i l i b r i u m
C o n c e n t r a t i o n
g / 1
A b s o r p t i o n  
m. mol .  / g .
3 . 8 0 0 .0 3 3 3 .6 0 0 . 0 6 6
5 . 5 0 0 .0 8 8 5 .2 0 0 . 1 3 3
6 . 9 0 0 . 1 8 3 6 . 5 0 0 . 2 5 6
8 . 7 2 0 . 2 1 3 8 . 0 0 .3 3 3
TABLE 2B.
Temp. 60 °C. Temp. 50 °C.
E q u i l i b r i u m  
C o n e e n t r a t i o n  
g / 1
A b s o r p t i o n  
m. mol .  / g .
1 . 3 2 0 . 1 1 3 1 . 2 0 . 1 3 3
3 . 1 2 0 .1 4 6 2 . 8 5 0 . 1 9 1
6 . 9 2 0 . 1 8 0 6 . 6 0 0 .2 3 3
1 0 . 6 0 .1 9 9 8 . 5 0
1 0 .4 0
0 . 2 4 9
0 .2 6 6





E q u i l i b r i u m
C o n c e n t r a t i o n
g / 1 .
A b s o r p t i o n  
m. m b l . / g .
3 . 8 0 0 . 0 3 3 3 . 4 0 0 . 0 9 9
9 . 2 0 0 . 1 3 2 8 .4 0 0 . 2 6 4
1 0 . 7 0 0 . 2 1 4 1 2 . 0 0 .4 9 5
1 3 . 0 0 . 3 3
TABLE 4E1.
Temp. 50°C. Temp. 30 °C.
E q u i l i b r i u m
C o n c e n t r a t i o n
g / 1 .
A b s o r p t i o n  
m. m o l . / g .
1 .3 5 6 0 . 3 4 3 1 .2 8 8 0 .3 7 8
4 . 6 6 6 0 . 7 0 9 4 . 4 6 7 0 . 8 1 6
6 . 2 9 4 0 .9 0 7 6 . 1 1 3 1 . 0 0 4
7 . 9 0 6 1 . 1 1 4 7 . 6 3 5 1 .2 5 8
A b s o r p t i o n  o f  h a e m a t o x y l i n  on s i l k  was t r i e d  w i t h o u t  
s u c c e s s ,  b e c a u s e  o f  t h e  d i f f i c u l t y  o f  a  p r e c i p i t a t e  o c c u r r i n g  on 
k e e p i n g  h a e m a t o x y l i n  w i t h  s i l k  f o r  a p r o l o n g e d  p e r i o d  o f  5 -6  h o u r s  
a t  a  t e m p e r a t u r e  o f  5 0 ° -6 0 °C .
H a e m a t o x y l i n  i s  a t r u e  p h e n o l  and  n o t  a n  a c i d .  I t s  
t i t r a t i o n  c u r v e  shows no c h a n g e  i n  s o r p t i o n  v a l u e s  o v e r  a w ide  
r a n g e  o f  j)H v a l u e  ( P i g .  5B ) ,  f o r  b e i n g  u n c h a r g e d ,  i t s  m o l e c u l e  
i s  u n i n f l u e n c e d  b y  t h e  c h a r g e  on t h e  f i b r e .  The h a e m a t e i n  
a n i o n s ,  on t h e  o t h e r  h a n d ,  a r e  u n a b l e  t o  p e n e t r a t e  t h e  f i b r e  
a g a i n s t  i t s  n o rm a l  n e g a t i v e  c h a r g e ,  u n t i l  t h i s  h a s  b e e n  r e v e r s e d  
b y  a c i d .  The m o le c u le  i s  a l m o s t  e n t i r e l y  d i s s o c i a t e d  on t h e  
a l k a l i n e  s i d e  o f  £H 5 and  so  n e i t h e r  u n d i s s o c i a t e d  m o l e c u l e s  
n o r  a n i o n s  e n t e r  t h e  f i b r e  i n  a n y  num bers .
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EXPERIMENTAL.
P r e p a r a t io n  and P u r i f i c a t i o n  o f  M a t e r ia l s .
H a e m a t o x y l i n .
The co m m e rc ia l  p u r e  p r o d u c t  ( l O O g . ) ,  a b u f f - c o l o u r e d  
p o w d e r ,  was d i s s o l v e d  i n  500 c . c .  b o i l i n g  w a t e r  c o n t a i n i n g  a 
l i t t l e  s u l p h u r  d i o x i d e ;  t h e  s o l u t i o n  was c l a r i f i e d  w i t h  c h a r c o a l ,  
f i l t e r e d  and  c o o l e d .  The l o n g  t h i n  c o l o u r l e s s  n e e d l e s  w hich  
s e p a r a t e d  were  washed w i t h  w a t e r  c o n t a i n i n g  a l i t t l e  s u l p h u r  
d i o x i d e  and  d r i e d  i n  a d e s i c c a t o r .  The p r o d u c t  s e p a r a t i n g  f ro m  
c o n c e n t r a t e d  s o l u t i o n s  i s  a m o n o h y d ra te ,  t h e  s t a b l e  fo rm  i n  a i r ;  
on r a p i d  h e a t i n g  t h i s  l o s e s  w a t e r  and m e l t s  a t  140°C.  Slow 
h e a t i n g  p r o d u c e s  a n  a n h y d r o u s  f o r m ,  m .p .  240°G. ( d e c o m p . ) .  Prom 
d i l u t e  a q u e o u s  s o l u t i o n s  a t r i h y d r a t e  s e p a r a t e s ,  m .p .  c a . 100°C. 
( d e p e n d i n g  on r a t e  o f  h e a t i n g ) .  T h i s  s l o w l y  c h a n g e s  t o  t h e  
m o n o h y d ra te  on k e e p i n g .
H a e m a te in .
P u r e  c o m m e rc ia l  h a e m a t o x y l i n  (1 0 0 g . ) was d i s s o l v e d  i n  
1250 c . c .  h o t  w a t e r ,  125 c . c .  e t h a n o l  added  and t h e  s o l u t i o n  
c o o l e d ;  140 c . c .  o f  sod ium  h y d r o x id e  s o l u t i o n  (40%) W/V) w ere  
t h e n  a d d e d ,  w i t h  s t i r r i n g  and c o o l i n g  t o  b e lo w  2 5 ° G . , f o l l o w e d  
g r a d u a l l y  b y  a d d i t i o n  o f  37 c . c .  aq u eo u s  h y d ro g e n  p e r o x i d e  
(1 0 0  v o l . )  i n  50 c . c .  o f  w a t e r .  A f t e r  f i v e  m i n u t e s  t h e  s o l u t i o n  
was n e u t r a l i s e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  ( 10%) and a c i d i f i e d  
w i t h  d i l u t e  a c e t i c  a c i d  (25%). An amorphous  brown p r e c i p i t a t e  
o f  h a e m a t e i n  s e t t l e d  o u t ,  w h ich  was f i l t e r e d ,  washed w i t h  w a t e r  
and  t h e n  g e n t l y  warmed on a w a t e r  b a t h  i n  700 c . c .  o f  w a t e r ,  
w h e re b y  i t  was changed  i n t o  t h e  c r y s t a l l i n e  fo rm .  The c r y s t a l s
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w e r e  f i l t e r e d  o f f ,  washed w i t h  m e th a n o l  and  d r i e d .  Y i e l d ,
a b o u t  70%.
S e v e r a l  o t h e r  m ethods  w ere  a l s o  u s e d ,  b u t  a l l  g a v e  low 
y i e l d s .  They i n c l u d e d  o x i d a t i o n  o f  a l k a l i n e  s o l u t i o n s  o f  
e x t r a c t s  o f  logwood c h i p s  o r  o f  p u r e  h a e m a t o x y l i n  b y  a i r  b u b b l i n g  
f o r  ^  6 h r . , and  r e c r y s t a l l i s a t i o n  o f  d r i e d  c o m m e rc ia l  " r e d  
h a e m a t e i n  p a s t e "  f rom e t h a n o l ,  a f t e r  a d d i t i o n  o f  e t h e r  t o  remove 
t a r r y  m a t t e r .
H a e m a te in  fo rm s  m in u te  r e d - b r o w n  p l a t e l e t s ,  w i t h  a 
g r e e n i s h  l u s t r e  (m .p .  210 -216°C .  ) .  I t  i s  s p a r i n g l y  s o l u b l e
i n  h o t  w a t e r  ( 2 . 1  g / 1 .  a t  6 0 ° G ) .  Gare  must  b e  t a k e n  t o  a v o i d  
o v e r - h e a t i n g  when d i s s o l v i n g  t h i s  compound i n  w a t e r ,  owing t o  
t h e  d a n g e r  o f  o x i d a t i v e  d e c o m p o s i t i o n .
B r a z i l  i n .  Q T> J  * )
A m i x t u r e  o f  100 g .  " B r a z i l  Wood E x t r a c t  0"  p o w d e r ,
200 c . c .  w a t e r  and 25 c . c .  so d iu m  b i s u l p h i t e  s o l u t i o n  (25% SOg) 
was h e a t e d  on t h e  w a t e r  b a t h  u n t i l  s o l u t i o n  was c o m p l e t e ,  t h e n  
d i l u t e d  w i t h  w a t e r  t o  400 c . c .  The l i q u i d  was t h e n  t r a n s f e r r e d  
t o  a  c o n t i n u o u s  e t h e r - e x t r a c t i o n  a p p a r a t u s  and e x t r a c t e d  f o r  
s e v e r a l  c o n s e c u t i v e  days  w i t h  f r e s h  e t h e r ,  t h e  e x t r a c t  b e i n g  
w i t h d r a w n  e a c h  day  and t h e  whole  f i n a l l y  e v a p o r a t e d  t o  d r y n e s s  
and t h e  r e s i d u e  r e c r y s t a l l i s e d  f i r s t  f rom  a c e t o n e  and t h e n  f rom  
w a t e r .  The y i e l d  i s  s m a l l  b e c a u s e  much o f  t h e  p r o d u c t  i s  
r e t a i n e d  by  r e s i n o u s  m a t t e r  and c a n n o t  b e  c r y s t a l l i s e d .
B r a z i l i n  forms c o l o u r l e s s  l e a f l e t s  ( c h a n g i n g  t o  a p a l e  
c r e a m  c o l o u r  i n  a i r )  o f  m o n o h y d ra te ,  m .p . l 7 5 ° C .  (The C o lo u r  I n d e x  
m e n t i o n s  a l s o  a h y d r a t e  w i t h  1-g-HgO, g i v i n g  n e e d l e - s h a p e d  c r y s t a l s ) ,
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C e l l u l o s e  a c e t a t e .
Powdered  s e c o n d a r y  c e l l u l o s e  a c e t a t e  ( a c e t y l  v a l u e  
53.6%) was u s e d .
N y lo n .
(1 5  f f i l .  45 d e n .  b r i g h t  d rawn  y a r n )  was s c o u r e d  i n  a 
0 . 5 / 1 0 0  s o l u t i o n  o f  a  n o n - i o n i c  d e t e r g e n t  ( L i s s a p o l  N) w i t h  a d d i t i o n  
o f  a  l i t t l e  ammonia,  a t  60 °C. f o r  15 m i n . ,  t h e n  w e l l  r i n s e d  i n  
d i s t i l l e d  w a t e r .
S i l k .
Raw d o m e s t i c  s i l k  f i b r e  was t r e a t e d  i n  3 /1 0 0  s o ap  
s o l u t i o n  a t  b . p .  f o r  1 h r . , t h e n  a g a i n  i n  1/100 s o a p  s o l u t i o n  a t  
b . p .  f o r  30 m i n . , w e l l  r i n s e d  i n  d i s t i l l e d  w a t e r ,  and d r i e d .
B e f o r e  u s e ,  t r a c e s  o f  y e l l o w i s h  s o l v e n t - s o l u b l e  c o l o u r i n g  m a t t e r  
w e re  removed b y  S o x h l e t  e x t r a c t i o n  w i t h  t o l u e n e .
V i s c o s e  R ayon .
C o u r t a u l d s  " F i b r e "  s t a p l e  f i b r e  was s c o u r e d  i n  weak 
B i s s a p o l  N s o l u t i o n ^ t h e n  w e l l  r i n s e d  i n  d i s t i l l e d  w a t e r .
Wool.
Roo t  en d s  o f  a L i n c o l n  f l e e c e  ( o r  i n  some e x p e r i m e n t s ,  
w o o l l e n  f a b r i c  c u t  i n  s m a l l  p i e c e s )  w ere  s c o u r e d  i n  a  d i l u t e  
s o l u t i o n  o f  L i s s a p o l  N a t  6 0 °C. f o r  5 m i n . , r i n s e d  f i r s t  i n  h o t  
a n d  t h e n  i n  c o l d  d i s t i l l e d  w a t e r ,  d r i e d  a t  9 5 ° C . , and e x t r a c t e d  
w i t h  e t h e r  i n  a  S o x h l e t  a p p a r a t u s  f o r  24 h r .
B e f o r e  u s e  a l l  f i b r e s  w ere  f i r s t  o v e n - d r i e d  a t  1 0 0 - 1 1 0 ° C . , 
t h e n  a l l o w e d  t o  c o n d i t i o n  i n  a i r  a t  room t e m p e r a t u r e  f o r  24 h r .  and 
s t o r e d  i n  s t o p p e r e d  b o t t l e s .
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S o r p t io n  E x p er im en ts .
F o r  most  o f  t h e  s o r p t i o n  e x p e r i m e n t s ,  e x c e p t  t h o s e  made 
a t  b . p . ,  t h e  f i b r e  s a m p le s  (1 g . ) w ere  e a c h  t r e a t e d  w i t h  20 c . c .  
o f  l i q u i d  i n  t i g h t l y  s t o p p e r e d  t e s t - t u b e s ,  which  w ere  f i x e d  by  
p h o s p h o r - b r o n z e  s p r i n g  c l i p s  t o  a  s h a f t  m e c h a n i c a l l y  r o t a t e d  a t  
25 r . p . m .  u n d e r  w a t e r  i n  a t h e r m o s t a t  t a n k .  By t h i s  means t h e y  
w e re  g i v e n  a  c o n s t a n t  and r e g u l a r  e n d - o v e r - e n d  a g i t a t i o n .  Even 
s o ,  when l o o s e  f i b r e s  a r e  u s e d ,  some d i f f i c u l t y  i s  e x p e r i e n c e d  
i n  o b t a i n i n g  a d e q u a t e  movement and p e n e t r a t i o n  o f  t h e  f i b r e s ,  
w h ic h  t e n d  t o  s t i c k  a s  a  lump a t  t h e  end o f  t h e  t u b e .  T h i s  
d i f f i c u l t y  was su rm oun ted  by u s e  o f  a p e r f o r a t e d  g l a s s  tu b e  
f i b r e - h o l d e r , o f  c a t e r p i l l a r  s h a p e  ( F i g .  6B ) .  T h i s  i s  d e s i g n e d  t o  
f i t  l o o s e l y  i n s i d e  t h e  t e s t  t u b e .  The f i b r e  i s  packed  i n t o  t h e  
h o l d e r  and t h e  ends  p l u g g e d  w i t h  g l a s s  wool  o r  p o l y t h e n e .  D u r i n g  
a g i t a t i o n  t h e  h o l d e r  f a l l s  t o  and f r o  i n  t h e  t e s t  t u b e ,  w i t h  a 
r e g u l a r  m o t i o n ,  o u t  o f  p h a s e  w i t h  t h e  movement o f  t h e  l i q u o r  
w h ic h  i s  t h u s  c a u s e d  t o  p u l s a t e  i n t o  and  o u t  o f  t h e  f i b r e  v i a  t h e  
p e r f o r a t i o n s .
H a e m a t o x y l i n .
The f i b r e  (1  g . )  was p l a c e d  i n  a g r o u n d - g l a s s  s t o p p e r e d  
t e s t  t u b e  c o n t a i n i n g  20 c . c .  o f  h a e m a t o x y l i n  s o l u t i o n ,  t o  w h ich  
was  a d d ed  a t r a c e  o f  sod ium  h y d r o s u l p h i t e  t o  p r e v e n t  o x i d a t i o n .
The l i q u o r  a f t e r  t h e  t e s t  was f i l t e r e d  t h r o u g h  g l a s s  w ool  and t h e  
f i l t r a t e  and w a t e r  w a s h in g s  combined and  b r o u g h t  t o  pH 5 . 9  by  
c a u t i o u s  a d d i t i o n  o f  ammonia. T h i s  i s  t h e  b e s t  v a l u e  f o r  
s a t i s f a c t o r y  l a k e  f o r m a t i o n .  A s l i g h t  e x c e s s  o v e r  t h e  t h e o r e t i c a l
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q u a n t i t y  o f  5% p o t a s s i u m  chro rna te  s o l u t i o n ^ t h e n  a d d e d ,  t h e  
m i x t u r e  h o i l e d  30 s e c ,  and t h e  s o l u t i o n  o f  t h e  b l u e  l a k e  so  
fo rm ed  d e t e r m i n e d  c o l o r i m e t r i c a l l y  a f t e r  s u i t a b l e  d i l u t i o n  
w i t h  w a t e r .
Some e x p e r i m e n t s  w ere  c a r r i e d  ou t  w i t h o u t  t h e  a d d i t i o n  
o f  s o d i u m - h y d r o s u l p h i t e  and t h e  lakesf?'©ST"dye b a t h )  ( f o r  
e s t i m a t i o n ) , p r e p a r e d  d i r e c t l y ^ i n s t e a d  o f  b r i n g i n g  them j u s t  
t o  pH 5 - 9 ,  b u t  i n  a l l  s u c h  c a s e s  b l a n k  s o l u t i o n s  o f  h a e m a t o x y l i n  
w e re  k e p t  a l o n g  w i t h  t h e  t u b e s  ( s e t  f o r  a b s o r p t i o n )  i n  o r d e r  t o  
e n s u r e  t h a t  t h e r e  &kx\no o x i d a t i o n .
H a e m a t e i n .
The p u r e  c o l o u r i n g  m a t t e r  ( 2 . 0  g)  was p fa s ted  w i t h  
,!G e l l o s o l v e t, and added  t o  b o i l i n g  d i s t i l l e d  w a t e r  ( 1L ) ,  a f t e r  
a d d i t i o n  o f  a t r a c e  sod ium  h y d r o s u l p h i t e  t o  remove oxygen .  
A f t e r  b o i l i n g  15 m ins .  t o  e f f e c t  c o m p le t e  s o l u t i o n ,  t h e  s o l u t i o n  
was a l l o w e d  t o  s t a n d  a few  h r . , f i l t e r e d  and s t o r e d  u n d e r  c a r b o n  
d i o x i d e  i n  a  w e l l - s t o p p e r e d  b o t t l e .  F o r  p r e p a r i n g  t h e  b a t h s ,  
a t  l o w e r  pH v a l u e s  b o t h  t h e  s t o c k  s o l u t i o n  o f  c o l o u r i n g  m a t t e r  
and  t h e  w a t e r  u s e d  f o r  d i l u t i o n  w ere  f i r s t  b r o u g h t  t o  t h e  same pH 
v a l u e  w i t h  d i l u t e  s u l p h u r i c  a c i d .  I t  i s  e s s e n t i a l  t o  remove a l l  
a i r  t o  a v o i d  o x i d a t i o n  d u r i n g  t h e  t e s t s .  F o r  t h e  e x p e r i m e n t s  a t  
l o w e r  t e m p e r a t u r e s  t h i s  was e n s u r e d  by j t a s s i n g  a b r i s k  s t r e a m  o f  
c a r b o n  d i o x i d e  t h r o u g h  t h e  l i q u o r  f o r  2 min. j u s t  b e f o r e  c l o s u r e  
o f  t h e  t u b e s  by  r u b b e r  s t o p p e r s .  F o r  t h e  e x p e r i m e n t s ,  a t  b . p . ,  
f l a s k s  and r e f l u x  c o n d e n s e r s  were u s e d ,  and a g e n t l e  s t r e a m  o f  
c a r b o n  d i o x i d e  was p a s s e d  i n t o  t h e  l i q u o r  t h r o u g h o u t  t h e  e x p e r i ­
ment  and a l l o w e d  t o  e s c a p e  up t h e  c o n d e n s e r .  The r e s i d u a l  b a t h
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l i q u o r s  w ere  a n a l y s e d  by  t h e  d i r e c t  c o l o r m e t r i c  m e thod ,  a f t e r  
m ak ing  t h e  l i q u o r s  s l i g h t l y  a l k a l i n e  w i t h  ammonia.
P a d d i n g  p r o c e s s ' .
The good s o l u b i l i t y  o f  h a e m a t o x y l i n  and t h e  r e s u l t s  
o f  t h e  s o r p t i o n  and l a k e - f o r m i n g  e x p e r i m e n t s  s u g g e s t e d  t h a t  
t h e  compound c o u ld  be  a p p l i e d  s a t i s f a c t o r i l y  t o  wool f rom  a 
f a i r l y  s t r o n g  aq u e o u s  s o l u t i o n  b y  p a d d i n g ,  t h e  l a k e  t h e r e a f t e r  
b e i n g  fo rm ed  b y  p a s s i n g  t h e  t r e a t e d  f a b r i c  im m e d ia t e ly  i n t o  a 
b o i l i n g  s o l u t i o n  o f  p o t a s s i u m  c h r o m a te .  T h i s  p ro v e d  t o  b e  
p r a c t i c a b l e  on t h e  l a b o r a t o r y  s c a l e ,  b u t  no f u r t h e r  t r i a l s  o f  
t h e  method w ere  a t t e m p t e d .
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S e c t i o n  2 (P a r t  I I I ) .  M is c e l la n e o u s  S o r p t io n  D ata .
S o r p t i o n  on A n o d ised  Aluminium*
E x p e r i m e n t a l  and D i s c u s s i o n .
D o d e c y l - a n i l i n e  —> R - a c i d .
D o d e c y l - a n i l i n e  — R - a c i d  was p r e p a r e d  and p u r i f i e d  
( p u r i t y  85%) and s o r p t i o n  i s o t h e r m s  on a n o d i s e d  a lu m in iu m  w ere  
d e t e r m i n e d  ( T a b l e  5B).
TABLE 5B.
Temp. 6 0 °C • Temp. 50°C.
E q u i l i b r i u m  
C o n c e n t r a t i o n .  
M i l l i  M o l s / L i t r e
S o r p t i o n .  
M i l l i  Mols o f  
, d y e / K G .o f  a n o ­
d i s e d  a lu m in iu m .
E q u i l i b r i u m
C o n c e n t r a t i o n .
S o r p t i o n .
0 . 5 9 0 6 5 .0 0 .5 9 0 8 0 . 0
1 . 2 3 5 8 5 .0 1 .2 3 5 1 1 4 .0
1 . 8 9 0 1 1 3 .0 1 . 5 6 1 2 6 .0
2 .5 7 0 1 1 9 .0 1 .8 9 0
2 .5 7 0
1 3 8 .0
1 4 9 .0
C a l c u l a t e d  h e a t  o f  r e a c t i o n  = -  9 , 3  K C a l /M o l .
A n i l i n e — > R - a c i d .
A l a b o r a t o r y  p r e p a r e d  sam ple  o f  t h e  dye was 
u s e d  t o  d e t e r m i n e  t h e  s o r p t i o n  i s o t h e r m s  on a n o d i s e d  a lu m in iu m .
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tiffLE 6B.
^em p .
3 0  C. ?
, E q u i l i b r i u m  t 
t C o n c e n t r a t i o n  , 
f M i l l i  M o l s / L i t r e
S o r p t i o n  on 
t h e  f o i l  
M i l l i  Mols/KSGr
E q u i l i b r i u m
C o n c e n t r a t i o n
t
S o r p t i o n  on » 
t h e  f o i l .  » 
» 
»
, 0 . 1 1 7 5  , 7 6 . 2 0 . 0 8 7 5 7 9 . 6  t
t 0 . 2 3 0  f 1 1 8  . 1 0 . 2 0 5 1 3 6 . 7  ♦
, 0 . 4 0 0  , 1 2 8 . 4 0 . 3 2 5 1 8 8 . 9  »
, 0 . 5 7 5  t 1 2 7 . 9 0 . 5 0 5 1 8 9 . 7  i
tt  1
1........  . n ---- ------------ -------- ,L , i
C a l c u l a t e d  h e a t  o f  r e a c t i o n  ^  H "  - 4 , 8  K C a l / M o l .  ?
I t  was d e c i d e d  t o  t r a c e  t h e  e f f e c t  o f  t h e  l o n g  c h a i n ,
s u b s t i t u t e d  i n  t h e  d o d e c y l - a n i l i n e  —^  B a c i d  m o l e c u l e ,  on s o r p t i o n  
by c o m p a r in g  i t  w i t h  a n i l i n e  —£ B - a c i d ,  h a v i n g  a  s i m i l a r  
c o n f i g u r a t i o n #  The v a l u e s  o f  h e a t s  o f  r e a c t i o n  o f  b o t h  t h e  
compounds i n d i c a t e  a  h i g h e r  v a l u e  f o r  d o d e c y l - a n i l i n e  ~ > E - a c i d  , 
w h i c h  may b e  a c c o u n t e d  f o r  b y  i n c r e a s e d  v a n  d e r  W aa ls  a t t r a c t i o n *  
I t  was  o r i g i n a l l y  b e l i e v e d  t h a t  t h e  h e a v y  l o n g  c h a i n  on 
d o d e c y l - a n i l i n e  —> B - a c i d  m o l e c u l e  w ou ld  be  c a u s i n g  s t e r i c  
h i n d r a n c e ,  h e n c e  e x p o s u r e  o f  l e s s  s i t e s  f o r  h y d r o g e n - b o n d i n g ,  
b u t  f r o m ^ r e s u l t s ,  t h i s  i s  n o t  t h e  c a s e #
The S o r p t i o n  c u r v e s  o f  d o d e c y l - a n i l i n e - ^ B - a c i d  an d  
a n i l i n e  •—£ B - a c i d  a r e  shown i n  P i g u r e s  7B and  8B r e s p e c t i v e l y •
2 : 4  -  B i n i t r o p h e n o l #
S o r p t i o n  o f  2?4 -  B i n i t r o p h e n o l  on a n o d i s e d  a lu m in iu m
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was s t u d i e d  w i t h  a  v iew t o  f i n d i n g  w h e t h e r  t h e  n i t r o  g r o u p s  p r e s e n t  
i n  t h e  m o l e c u l e  have  any  e f f e c t  on s o r p t i o n .  The h e a t  o f  r e a c t i o n  
o b t a i n e d  f o r  2 : 4  -  d i n i t r o p h e n o l  i s  - 4 . 0  K C a l / m o l . , w h e r e a s  t h a t  
o f  p h e n o l  i s  - 4 . 5  K G a l /m o l ;  t h u s  showing  t h e r e  i s  u n l i k e l y  t o  b e  
t h e  a t t a c h m e n t  o f  n i t r o  g ro u p s  t o  a n o d i s e d  a lu m in iu m .
As t h e  v a l u e s  o f  h e a t s  o f  r e a c t i o n  f o r  b o t h  t h e  compounds 
a r e  n e a r l y  t h e  same,  i t  a p p e a r s  t h a t  t h e  h y d ro x y  g r o u p ,  common t o  
b o t h  t h e  com pounds ,  i s  e f f e c t i v e  i n  t h e  mode o f  a t t a c h m e n t .
The s o r p t i o n  d a t a  o f  2 : 4  -  d i n i t r o p h e n o l  and p h e n o l  a r e
shown b e lo w  i n  T a b le s  7B and 8B and  c u r v e s  i n  F i g u r e s  8B and  9B 
r e s p e c t i v e l y .
2 : 4  -  D i n i t r o p h e n o l .
i
TABLE 7B •
Temp. 60°G. Temp. 50°C.
E q u i l i b r i u m  
C o n e e n t r a t i o n  
M i l l i  M o l s / L i t r e .
S o r p t i o n .  
M i l l i  Mols/KG-. 
o f  a n o d i s e d  
a lu m in iu m .
E q u i l i b r i u m
C o n c e n t r a t i o n .
S o r p t i o n .
0 . 4 4 2 1 3 6 .7 0 .4 0 7 7 1 5 6 . 2
0 . 7 4 7 3 3 5 1 .4 0 . 6 6 2 4 3 9 0 .6
1 . 1 5 5 5 0 7 .6 1 . 0 8 6 5 4 6 .7
1 . 7 8 3 537 .3 1 .6 5 5 6 0 9 .1
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57 C. Temp. 4 6 °C.
E q u i l i b r i u m
C o n c e n t r a t i o n
G / L i t r e
S o r p t i o n  
M i l l i  M ols /G .
E q u i l i b r i u m
C o n c e n t r a t i o n
S o r p t i o n
4 . 8 6 0 .8 4 1 8 4 . 8 3 1 .1 5 9
8 . 8 7 5 6 .8 3 6 8 . 8 5 8 .1 8 3
1 3 . 9 7 . 5 0 1 8 . 7 8 .7 7 2
1 8 . 9 1 7 . 4 3 2
A n a l y s i s  o f  p h e n o l .
P h e n o l  was d e t e r m i n e d  "by t h e  b ro m in e  m ethod .  A p p ro x ­
i m a t e l y  d e c i n o r m a l  b ro m in e  s o l u t i o n  was p r e p a r e d  b y  d i s s o l v i n g  
2 . 7 6  g .  o f  p o t a s s i u m  b r o m a te  and  1 5 . 0  g .  o f  p o t a s s i u m  b r o m id e  i n  
d i s t i l l e d  w a t e r  and d i l u t i n g  t o  one l i t r e .  T h i s  s o l u t i o n  was 
s t a n d a r d i s e d  a g a i n s t  d e c i n o r m a l  sod ium  t h i o s u l p h a t e  s o l u t i o n  by  
a d d i n g  p o t a s s i u m  i o d i d e  and h y d r o c h l o r i c  a c i d  and t i t r a t i n g  t h e  
l i b e r a t e d  i o d i n e  i n  t h e  u s u a l  m anner .  The volume o f  p h e n o l  
s o l u t i o n  t o  b e  t i t r a t e d  was m easured  i n  a 500 c . c .  g l a s s  s t o p p e r e d  
b o t t l e  an d  50 c . c .  o f  d i s t i l l e d  w a t e r  and 5 c . c .  o f  h y d r o c h l o r i c  
a c i d  w ere  ad d ed  t o  i t .  The s t a n d a r d  b r o m in e  s o l u t i o n  was added 
f ro m  a  b u r e t t e  w i t h  c o n s t a n t  s h a k i n g  u n t i l  a  p e rm a n e n t  y e l l o w  
c o l o u r  was o b t a i n e d .  10 c . c .  o f  10$ p o t a s s i u m  i o d i d e  s o l u t i o n  
was t h e n  a d d e d .  The f r e e  i o d i n e  was t i t r a t e d  a g a i n s t  d e c i n o r m a l
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s o d iu m  t h i o r s u l p h a t e  s o l u t i o n ,  u s i n g  s t a r c h  a s  an  i n d i c a t o r .
From t h e  amount o f  h ro m in e  s o l u t i o n  consumed by  p h e n o l ,  t h e  amount  
o f  p h e n o l  c a n  be  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  r e l a t i o n ­
s h i p : -
l c . c .  o f  N/ 10 b ro m in e  s o l u t i o n  E 0 ,0 0 1 5 6 7 5  g ,  p h e n o l .
E f f e c t  o f  S o l v e n t s  on S o r p t i o n .
I t  i s  shown i n  t h e  h y d r o g e n - b o n d i n g  p a r t  ab o v e  t h a t  
o r g a n i c  s o l v e n t s  have  an  a p p r e c i a b l e  e f f e c t  on t h e  b o n d in g  
a f f i n i t i e s  o f  s o l u t e s .  They may s i m i l a r l y  a f f e c t  s o r p t i o n .
T h i s  p o i n t  was examined  i n  a few s o r p t i o n  e x p e r i m e n t s .
B enzene  -  azo  -  dL n a p h t h y l a m i n e  and  b e n z e n e  -  a z o  -  B 
n a p h t h y l a m i n e  were  found t o  show no s o r p t i o n  on a n o d i s e d  a lu m in iu m ,  
u s i n g  d r y  b e n z e n e  a s  a s o l v e n t .  But by  em p lo y in g  c a r b o n  t e t r a c h l o r ­
i d e  a s  a s o l v e n t ,  a f a i r  amount  o f  s o r p t i o n  o f  b o t h  compounds was 
o b s e r v e d .  The s o l v e n t  ( b e n z e n e )  may b e  p r o t e c t i n g  th e  e f f e c t i v e  
( a m i n o - )  g r o u p  i n  t h e  com pounds,  t h u s  p r e v e n t i n g  i t  f rom  c o m b in in g  
w i t h  t h e  s u b s t r a t e .  The s o r p t i o n  c u r v e s  f o r  b e n z e n e  -  a&o -  £  
n a p h t h y l a m i n e  and  b e n z e n e  -  a z o  -  B n a p h t h y l a m i n e  a r e  i l l u s t r a t e d  
i n  F i g u r e  10B, and  q u a n t i t a t i v e  d a t a  a r e  g i v e n  i n  T a b le s  9B and 
10B.
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B en zen e  ^  a z o  -  <jt n a p h t h y l a m i n e .
TABLE 9B.
Temp. 60 °C. Temp. 50°G. ?
E q u i  l i b r i u m  
G o n e e n t r a t i o n  
M i l l i  M o l s / L i t i
S o r p t i o n .  
M i l l e  Mols, 
*e. KG
E q u i l i b r i u m  
f C o n c e n t r a t i o n .  
M i l l i  M o l s / L i t r
S o r p t i o n .  
M i l l i / M o l s /  
5. KG.
0 . 1 5 1 8 1 2 . 3 4 0 .2 6 8 3 2 4 .7 7
0 . 2 7 8 4 20.6 0 . 3 6 4 3 2 8 .3
0 .5 6 6 7 3 2 . 9 0 . 4 5 5 4 3 5 . 4
0 .7 6 9 1 3 4 . 5 0 .7 4 9 1 4 2 . 4
B en z en e  ^  a z o  -  B -  n a p h t h y l a m i n e .
TABLE 10B.
Temp. 50 °C. Temp. 4 0 °C. ?
E q u i l i b r i u m
C o n c e n t r a t i o n
S o r p t i o n E q u i l i b r i u m
C o n c e n t r a t i o n
S o r p t i o n
0 . 1 4 9 8 6 . 6 4 0 . 1 4 9 8 6.86
0 .2 8 8 5 8 . 3 0 0 .3 8 4 6 1 1 .4 4
0 . 3 8 4 8 1 1 .0 6 0 . 4 8 3 9 1 2 .5 8
0 . 5 8 5 1 1 2 .1 7 0 .5 8 5 1 1 2 .5 8
0 . 7 8 9 4 1 1 .0 6 0 . 7 8 5 4 1 3 .7 3
1
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A b s o r p t i o m e t r i c  m easu rem en ts  w ere  made on t h e  Unicam
SP500 a b s o r p t i o m e t e r  a t  a w a v e l e n g t h  o f  4200A (ot-o ompound) and
4350A ( V -com pound)& hea ts  o f  r e a c t i o n  o b t a i n e d .  These  v a l u e s  x
s u g g e s t  t h a t  t h e r e  a r e  two h y d ro g e n  bonds  o p e r a t i v e  i n  b e n z e n e  -  azo- 
/  ( ? )^ . - n a p h t h y l a m i n e /  b u t  o n l y  one i n  t h e  c a s e  o f  b e n z e n e  -  a zo  -  13 -  
n a p h t h y l a m i n e .  T h i s  c o u l d  be  e x p l a i n e d  a s  due t o  c h e l a t i o n  b e tw e e n  
one o f  t h e  n i t r o g e n  a toms o f  t h e  a z o  g r o u p  and a  h y d ro g e n  f rom  
a m ino  g r o u p ,  t h u s  l e a v i n g  o n l y  one h y d ro g en  a tom  f r e e  t o  bond w i t h  
a n o d i s e d  a lu m in iu m  ( b ) .
EL
( * >




The d o t t e d  l i n e s  i n d i c a t e  t h e  p o s i t i o n  o f  h y d r o g e n - b o n d s .  The 
r e s u l t s  o b t a i n e d  a p p e a r  t o  be  q u i t e  i n  a g r e e m e n t  w i t h  t h e  
t h e o r e t i c a l  i n t e r p r e t a t i o n .
The s o r p t i o n  o f  p h e n o l  on a n o d i s e d  a lu m in iu m ,  u s i n g  
e t h a n o l  a s  a s o l v e n t ,  was a l s o  exam ined .  S o l u t i o n s  o f  v a r y i n g  
c o n c e n t r a t i o n s ,  r a n g i n g  f rom  5 g / 1 .  t o  20 g . / l .  were  t r i e d  a t  
two d i f f e r e n t  t e m p e r a t u r e s ,  3 5°C. and 40°G. f o r  72 and 48 h o u r s ,  
r e s p e c t i v e l y ,  b u t  no a b s o r p t i o n  was found  a t  a l l .
x  (46 H - 6 . 5  K c a l / m o l  f o r  ^  compound and -  3 . 0  K c a l / m o l  f o r  
compound)?
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Use o f  B r i d g i n g  Compounds.
B enz ene  -  a z o  -  «£. -  n a p h t h y l a m i n e  i n  b e n z e n e  ( d r y )  
showed no a t t a c h m e n t  t o  a n o d i s e d  a lu m in iu m ,  "but on t h e  a d d i t i o n  
o f  q u i n o l  t o  t h e  dye s o l u t i o n ,  s o r p t i o n  a p p e a r e d  t o  o c c u r ,  and  
was m e asu red  q u a n t i t a t i v e l y .  A 0 . 5  g . / l .  dye s o l u t i o n  was 
p r e p a r e d  and  d i f f e r e n t  v o lu m e s  o f  t h i s  s o l u t i o n ,  e a ch  c o n t a i n i n g  
0 . 0 2  g .  o f  q u i n o l  w ere  employed f o r  a b s o r p t i o n .  The r e s u l t s  
a r e  g i v e n  i n  T a b le  113 and  a b s o r p t i o n  i s o t h e r m s  a r e  shown i n  
P i g .  11B.
The v a l u e  o f  A h o b t a i n e d  i s  c a  - 8 . 5  t o  - 9  K c a l / m o l .  
B o n d in g  may be  due t o  c r o s s - l i n k i n g  t h r o u g h  q u i n o l ,  w h ich  c o u l d  








“ . .......... .. 0
Temp. 40 C.
E q u i l i b r i u m  
C o n c e n t r a t i o n .  
M i l l i  M o l s / L i t r e .
S o r p t i o n .  
M i l l i  M o l s /  
KG.
E q u i l i b r i u m
C o n c e n t r a t i o n .
S o r p t i o n .
0 . 1 5 1 8 6 . 5 0 0 . 3 6 7 4 2 3 . 8 5
0 .3 8 2 5 1 4 .2 0 0 .5 5 6 7 3 2 .2 3
0 .5 7 1 6 2 2 .7 0 0 . 7 5 7 0 3 3 .5 2
0 .7 6 7 4 2 7 .0 8  o:
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W i th o u t  f u r t h e r  k now ledge  o f  t h e  a p p a r e n t  h e a t s  o f  
f o r m a t i o n  o f  t h e  OH. . . 0  and NH.. . 0  bon d s  f ro m  b e n z e n e  s o l u t i o n ,  i t  
a p p e a r s  t h a t  t h e  p r e s e n t  v a l u e s  a r e  o f  t h e  r i g h t  m a g n i t u d e .
B e n z o q u in o n e .  T h i s  was u sed  w i t h  t h e  a d d i t i o n  o f  r e s o r c i n o l  t o  
a c t  a s  a  b r i d g i n g  compound,  u s i n g  d r y  d i a n a n  a s  s o l v e n t .  
( B e n z o q u in o n e  i t s e l f  showed no a f f i n i t y  f o r  a n o d i s e d  a lum in ium )  
b u t  t h e  d y e b a t h s , a f t e r  a b s o r p t i o n  g a v e  v e r y  e r r a t i c  a b s o r p t i o m e t r i c  
r e s u l t s .  T h i s  may be  due  t o  c a t a l y t i c  d e c o m p o s i t i o n  o f  t h e  
s o l u t i o n ,  w h ich  c o u l d  have  b e e n  c o n f i r m e d  b y  o b s e r v i n g  t h e  
a b s o r p t i o n  c u r v e s  on t h e  s p e c t r o p h o t o m e t e r  b e f o r e  and a f t e r  
s o r p t i o n ,  b u t  t h i s  was n o t  f o u n d  p o s s i b l e  b e c a u s e  o f  t h e  d i f f i c u l t y  
o f  m e a s u r i n g  t h e  a b s o r p t i o n  s p e c t r a  b e lo w  w a v e l e n g t h  o f  30G$A.
B - N a p h th y l  a c e t a t e .  As s t a t e d  a l r e a d y  i n  t h e  h y d r o g e n - b o n d i n g  
s e c t i o n ,  t h e  h y d ro g e n  a to m  o f  t h e  a c e t y l  g r o u p  shows an  a c t i v i t y  
t o w a r d s  d o n o r  compounds,  and  i t  was t h o u g h t  t h a t  s o r p t i o n  o f  
B - n a p h t h y l  a c e t a t e  m igh t  t h u s  b e  o b s e r v e d  on a n o d i s e d  a lu m in iu m .
The s o l v e n t  employed was t e r t - b u t y l  a l c o h o l .  The r e s u l t s  o b t a i n e d  
w ere  v e r y  e r r a t i c ;  t h i s  may be a t t r i b u t e d  t o  t h e  d e c o m p o s i t i o n  o f  
t h e  compound. (An e s t e r  o f  a p h e n o l  may b e  c o n v e r t e d  i n t o  an  
o r t h o -  o r  p a r a - h y d r o x y  k e t o n e  o r  a m i x t u r e  o f  b o t h ,  by  t r e a t m e n t  
w i t h  a lu m in iu m  c h l o r i d e .  Some r e a c t i o n  o f  t h e  same n a t u r e  may b e  
t a k i n g  p l a c e  w i t h  t h e  a lu m in iu m  o x id e  f i l m ) .  Ten d i f f e r e n t  
s o l u t i o n s  o f  v a r y i n g  c o n c e n t r a t i o n s  a t  d i f f e r e n t  t e m p e r a t u r e s  w ere  
o b s e r v e d ,  b u t  t h e  r e s u l t s  o b t a i n e d  were  v e r y  u n s a t i s f a c t o r y .
M e th y l  B - n a p h t h o l  i n  e t h a n o l  and d i m e t h y l O t e r e p h t h a l a t e  i n  t o l u e n e  
w ere  t r i e d  a l s o ,  b u t  t h e  same d i f f i c u l t y  was e n c o u n t e r e d ,  w h ich
-  138 -
s u g g e s t s  t h a t  c a t a l y t i c  d e c o m p o s i t i o n  may b e  t a k i n g  p l a c e  i n  a l l  
c a s e s .
A b s o r p t i o n  S t u d i e s  on C e l l u l o s e .
C o t t o n . -  Loose  c o t t o n  was s c o u r e d  i n  a n  a n i o n i c  d e t e r g e n t  
L i s s a p o l  Gy ( I . C . I . )  ( 3  g . / l . )  and  s o d iu m  c a r b o n a t e  ( 2 g . / l . )  f o r  
a b o u t  a n  h o u r  a t  80°C.  and  t h e n  t h o r o u g h l y  r i n s e d  i n  c o l d  w a t e r ,  t o  
w h i c h  a  few  d r o p s  o f  d i l u t e  a c e t i c  a c i d  were  added  i n  o r d e r  t o  
n e u t r a l i s e  a n y  t r a c e s  o f  a l k a l i .  The washed c o t t o n  was d r i e d  and 
c o n d i t i o n e d  f o r  48 h o u r s  a t  room t e m p e r a t u r e  b e f o r e  i t  was u s e d .  
S o l u t e s . -  The d y e s ,  b e n z e n e a z o ^ R - a c i d , p - n i t r o - b e n z e n e a z o  - ^ R - a c i d  
and & - n i t r o  b e n z e n e a z o  -?>R-acid w ere  p r e p a r e d  and p u r i f i e d  and t h e  
p u r i t y  v a l u e s  c h e c k e d  by  t h e  o x i d a t i o n  method .  p - N i t r o p h e n o l ,
n a p h t h a l e n e  -  'i -  s u l p h o n i c  a c i d  and  a n t h r a c e n e  -  s u l p h o n i c  a c i d
w e re  r e c r y s t a l l i s e d  f rom  w a t e r .  ( A n t h r a c e n e  - a t -  s u l p h o n i c  a c i d  was 
p r e p a r e d  i n  t h e  l a b o r a t o r y  by  R .V .R .  S u b r a m a n i a n ) .
p - N i t r o  b e n z e n e a z o -^ R - a c id . -  The dye was t r i e d  i n  o r d e r  t o  i n v e s t i g a t e  
i t s  mode o f  a t t a c h m e n t  t o  t h e  f i b r e .  S t o c k  s o l u t i o n  ( 2 g . / l . )  o f  
t h e  dye was p r e p a r e d  and d i f f e r e n t  vo lum es  o f  t h i s  s o l u t i o n ,  g i v i n g  
v a r y i n g  o r i g i n a l  c o n c e n t r a t i o n s ,  w ere  k e p t  i n  t h e  t h e r m o s t a t  a t  
30°C.  and 50°C.  f o r  96 and 72 h o u r s  r e s p e c t i v e l y  i n  p r e s e n c e  o f  
c o t t o n ,  u n d e r  a g i t a t i o n ,  i n  o r d e r  t o  e n s u r e  c o m p l e t e  a b s o r p t i o n .
The d a t a  a r e  g i v e n  i n  t h e  t a b l e  b e lo w  and  a b s o r p t i o n
i s o t h e r m s  a r e  shown i n  P i g .  12B.
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TABLE 12B.
Temp. 30 °G. Temp. 50 °C.
E q u i l i b r i u m
C o n c e n t r a t i o n
Gr/L.
A b s o r p t i o n  
M i l l i  Mols/KG.
E q u i l i b r i u m
C o n c e n t r a t i o n
A b s o r p t i o n
0 . 6 0 1 6 4 .5 0 . 4 8 4 5 . 6
1 . 3 2 307 0 . 7 2 6 8 . 4
1 . 7 329 1 . 9 4 1 3 6 .8
The maximum a b s o r p t i o n  o b t a i n e d  i s  329 m .m o l . / k g .
The c o r r e c t e d  v a l u e  o f  & E  i s  p r o b a b l y  a b o u t  - 1 5  t o  -2 0  K c a l . / m o l ) .
0 - N i t r o  benzeneazo-flEteacid and benzeneazo4R--^acid showed v e r y  l i t t l e  
a f f i n i t y *  which- c o u ld  n o t  be  m easu red  q u a n t i t a t i v e l y .  No e x p l a n a t i o n  
c a n  b e  g i v e n  f o r  t h e  b e h a v i o u r  o f  t h e s e  d y es  w i t h o u t  f u r t h e r  
e v i d e n c e .  E i t h e r  h y d ro g en  b o n d i n g  w i t h o f r e e  c a r b o x y l  g r o u p  i n  t h e  
c e l l u l o s e  o r  v a n  d e r  W a l l ’ s a t t r a c t i o n  may be  o p e r a t i n g .
A n t h r a c e n e - - ^ -  s u l p h o n i c  a c i d . -  I t  was hoped t o  m easu re  t h e
s u b s t a n t i v i t y  o f  a n t h r a c e n e - > : -  s u l p h o n i c  a c i d .  Maximum a b s o r p t i o n  
(:< t. 2.4 n
v a l u e s  o f / m . m o l . / k g .  w ere  fo u n d  a t  b o t h  50°G. and  60 0 .  T h i sA
c e r t a i n l y  s u g g e s t s  t h a t  h y d ro g en  bon d s  a r e  n o t  i n v o l v e d ,  a s  o f  
c o u r s e ,  would n o t  b e  e x p e c t e d .  The a b s o r p t i o n  a p p e a r s  t o  b e  due  
t o  i o n  e x c h a n g e .  By n e u t r a l i s i n g  t h e  a c i d  w i t h  d i l u t e  sodium 
h y d r o x i d e  and. t h e n  m e a s u r in g  i t s  a b s o r p t i o n ,  i t  was t h o u g h t  t h a t  
d i f f e r e n t  v a l u e s  m ig h t  b e  o b t a i n e d ,  b u t  t h e  r e s u l t s  w ere  t h e  same 
a s  b e f o r e .  The r e s u l t s  a r e  shown i n  T a b le  13B and a b s o r p t i o n
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c u r v e s  i n  P i g .  13B.
TABLE 13B.
Temp. 5 0 c)C. Temp. 60°C.
E q u i l i b r i u m  
C o n c e n t r a t i o n  
M i l l i  M o ls /L .
A b s o r p t i o n  
M i l l i  Mols/KG.
E q u i l i b r i u m
C o n c e n t r a t i o n
A b s o r p t i o n
1 . 8 5 2 9 . 3 1 .5 0 2 4 . 9
2 . 6 7 4 2 3 .3 1 .8 4 1 9 .7
3 . 6 3 4 2 4 . 1 2 . 6 7 4




p - N i t r o p h e n o l . - The a b s o r p t i o n o f  p - n i t r o p h e n o l was examined
L o t h  i n  w a t e r  a s  w e l l  a s  d r y  t o l u e n e .  C o t t o n  was d r i e d  a t  
110GC. i n  a n  e l e c t r i c  oven  f o r  24  h o u r s  and  t h e n  k e p t  i n  v a r i o u s  
£ - n i t r o p h e n o l  s o l u t i o n s  ( i n  t o l u e n e ) ,  o f  v a r y i n g  c o n c e n t r a t i o n s ,  
a t  50°C.  and  6 0 °C. f o r  48 and. 24 h o u r s ,  r e s p e c t i v e l y .  The 
s o l u t i o n s  w ere  m easured  on t h e  " S p e k k e r "  a h s o r p t i o m e t e r , u s i n g  
u l t r a  v i o l e t  l i g h t .  The o p t i c a l  d e n s i t y  o f  s o l u t i o n s  a f t e r  
k e e p i n g  i n  c o n t a c t  w i t h  t h e  f i b r e  were  somewhat h i g h e r  t h a n  t h e y  
w e re  i n  t h e  o r i g i n a l  s o l u t i o n s .  T h i s  m ig h t  h e  due t o  s o l v e n t  
e v a p o r a t i o n ,  h u t  on u s i n g  w a t e r  a s  a  s o l v e n t ,  t h e  o p t i c a l  d e n s i t y  
o f  t h e  s o l u t i o n s  was much h i g h e r  t h a n  t h e  o r i g i n a l  o n e s .  T h i s  
was r e p e a t e d  s e v e r a l  t i m e s  a t  d i f f e r e n t  t e m p e r a t u r e s ,  h u t  t h e  
same d i f f i c u l t y  was e n c o u n t e r e d .  T h i s  may he  due t o  c a t a l y t i c  
d e c o m p o s i t i o n  o f  j a - n i t r o p h e n o l .  No f u r t h e r  work was a t t e m p t e d  
w i t h  t h i s  s u b s t a n c e .
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»"V
N a p h t h a l e n e  -  ^ - s u l p h o n i c  a c i d .
The s o l u t i o n s  were  d e t e r m i n e d  b y  t i t r a t i n g  a g a i n s t  
0 .0 3 3 N .  sod ium  h y d r o x i d e  s o l u t i o n  u s i n g  p h e n o l p h t h a l e i n  a s  
i n d i c a t o r .  The maximum a b s o r p t i o n  a t  5 0 °  and  6 0 °C. ( 0 . 1 6 8  
m i l l i  m o ls /G )  was found  t o  b e  t h e  sam e ,  s o ,  a s  w i t h  a n t h r a c e n e  -o£- 
s u l p h o n i c  a c i d ,  a b s o r p t i o n  may b e  due  t o  i o n i c  e x c h a n g e .
Wool.
^  - N a p h t h o l ,  &- n a p h t h o l ,  n a p h t h a l e n e  and  a n t h r a c e n e  w e re  
t r i e d  a s  s o l u t e s  i n  t e s t s  on w o o l ,  u s i n g  v a r i o u s  o r g a n i c  s o l v e n t s ,  
e . g . ,  d r y  b e n z e n e ,  c a r b o n  t e t r a c h l o r i d e ,  b u t  none showed a n y  
a f f i n i t y  f o r  w o o l .
I t  i s  supp o sed  t h a t  t h e  two h y d r o c a r b o n s  have  i n s u f f i c i e n t  
v a n  d e r  W aa l ’ s a t t r a c t i o n  f o r  t h e  f i b r e  and t h e  n a p h t h o l s  may hav e  
t o o  low h y d r o g e n - b o n d i n g  a f f i n i t y  t o  s w e l l  t h e  f i b r e  i n  t h e  d r y  
s t a t e .
T h e se  t e s t s  on wool were  m e r e l y  p r e l i m i n a r y  r u n s  made 
i n  a n  a t t e m p t  t o  c o r r e l a t e  h y d r o g e n - b o n d i n g  d a t a  w i t h  s o r p t i o n  
w o r k ,  b u t  no t i m e  was a v a i l a b l e  t o  c o n t i n u e  t h i s  p a r t  o f  t h e  w ork .
N o t e .  At  a  l a t e r  s t a g e  i n  t h e  work i t  was d i s c o v e r e d  t h a t  a t h e r ­
m o s t a t  a p p a r a t u s  had b e e n  b e h a v i n g  i r r e g u l a r l y  f o r  t h e  p e r i o d  coverafl 
b y  a  few e x p e r i m e n t s .  The s o r p t i o n  d a t a  c o n c e r n e d  a r e  b e l i e v e d  t o  
b e  r e l i a b l e ,  b u t  t h e  r e c o r d e d  t e m p e r a t u r e s  a r e  p r o b a b l y  i n c o r r e c t .
As t h e r e  was i n s u f f i c i e n t  t im e  t o  r e p e a t  t h e s e  e x p e r i m e n t s ,  t h e  
r e s u l t s  o b t a i n e d  a r e  r e c o r d e d  h e r e  and  t h e  a p p r o p r i a t e  t e m p e r a t u r e  
r e a d i n g s  and some c a l c u l a t e d  h e a t s  o f  r e a c t i o n  a r e  marked ( ? )  
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ts F ig .  3B • R e la t io n  betw een  d i e l e c t r i c  c o n s ta n t
and component r a t i o  in  b in a r y  s o l u t i o n s .
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5B . A b s n r p t i o n  o f  h a e m a t e i n  and h a e m a t o x y l i n  b y  wool  a t  d i f f e r e n t
pH v a l u e s , __________
I   !
H a e m a to x y l in
H a e m a te in
n o t  done  "by t h e  a u t h o r  )
pH
x ( a r b i t r a r y  s c a l e )
F i g .  6B • A pparatus t o  e a s e  a b s o r p t io n .




















































































H300 O 2 : 4 - D i n i t r o p h e n o l  
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F ig .  11B . S o r p t io n  Iso th erm s o f  B enzenersazo-^-H aphthylam ine
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F i g . l 2 B  . A b s o r p t i o n  i s o t h e r m s  o f
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GENERAL DISCUSSION.
A n a l y s i s  o f  d y e s ,  e t c .
The new d i e h r o r n a t e  o x i d a t i o n  method d e s c r i b e d  i n  
P a r t  ^ o f  t h i s  t h e s i s  a p p e a r s  t o  b e  s u i t a b l e  f o r  a l l  a z o  d y e s  
e x c e p t  t h e  s m a l l  number w h ich  c o n t a i n  n e i t h e r  a  s u l p h o n i c  a c i d  
g r o u p  n o r  a h y d ro x y  g r o u p ,  and a l s o  f o r  some n i t r o g e n - c o n t a i n i n g  
d y e s  o f  o t h e r  c l a s s e s ,  e . g . ,  t h e  t r i p h e n y l  m e thane  and a n t h r a -  
q u i n o n e  c l a s s e s .  The method i s  s i m p l e r ,  r o b u s t  and i n  most  
c a s e s  more r a p i d  t h a n  t h e  t i t a n o u s  s a l t  r e d u c t i o n  method.
The method i s  u n s u i t a b l e  f o r  n i t r o g e n - c o n t a i n i n g  
i n t e r m e d i a t e s ,  b u t  many o f  t h e s e  may b e  d e t e r m i n e d  r e a d i l y  b y  
t h e  c o l o r i m e t r i c  method a l s o  d e s c r i b e d  i n  t h e  same p a r t  o f  t h e  
t h e s i s .
The e e r i e  s u l p h a t e  o x i d a t i o n  method ca n  c o n v e n i e n t l y  
b e  employed w here  a l a r g e  number  o f  r o u t i n e  p u r i t y  d e t e r m i n a t i o n s  
a r e  r e q u i r e d .
The o x i d a t i v e  p r o c e d u r e  f o r  t h e  a n a l y s i s  o f  d y es  d o es  
n o t  g i v e  r e l i a b l e  r e s u l t s  i f  n i t r o g e n  c o n t a i n i n g  i m p u r i t i e s ,  
e . g . ,  u n c o u p l e d  d i a z o  compound o r  i t s  d e c o m p o s i t i o n  p r o d u c t s ,  a r e  
p r e s e n t  i n  t h e  dye s a m p le .  The p r e s e n c e  o f  s u c h  s u b s t a n c e s  i s  
b e l i e v e d  t o  a c c o u n t  f o r  a b n o r m a l l y  h ig h  n i t r o g e n  y i e l d s  o b t a i n e d  
f ro m  some l a b o r a t o r y  p r e p a r a t i o n s  o f  a z o  dyes  i n  t h e  c r u d e  s t a t e ,  
e . g . ,  some d y es  p r e p a r e d  f rom  c h l o r o a n i l i n e s . A f t e r  
r e c r y s t a l l i s a t i o n  t h e  a n a l y s e s  by d i c h r o m a t e  and t i t a n o u s  c h l o r i d e  
w e re  i n  a g r e e m e n t .
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L ak es  f ro m  logw ood ,  e t c .
The o x i d i s e d  f o r m s ,  h r a z i l e i n  and h a e m a t e i n ,  r a t h e r  
t h a n  t h e  l e u c o -c o m p o u n d s  a p p e a r  t o  he  t h e  l a k e  f o r m i n g  a g e n t s .  
L a k es  c a n  h e  fo rm ed f rom  t h e  l a t t e r ,  h u t  t h e  r e a c t i o n s  a l m o s t  
c e r t a i n l y  i n v o l v e  p r i o r  o x i d a t i o n  o f  t h e  l e u c o -compound h y  a i r  
a n d / o r  t h e  m e t a l  s a l t  u s e d .
F u r t h e r ,  t h e  a n i o n s  o f  t h e  c o l o u r i n g  m a t t e r s ,  r a t h e r  
t h a n  t h e  n e u t r a l  m o l e c u l e s ,  m us t  h e  t h e  r e a c t i v e  s p e c i e s ,  b e c a u s e  
l a k e  f o r m a t i o n  i s  p rom oted  h y  a l k a l i n e  c o n d i t i o n s  and r e t a r d e d  
i n  a c i d  s o l u t i o n s .  The r e t a r d a t i o n  i n  a c i d  must  h e  due t o  
c o m p e t i t i o n  f o r  t h e  c o l o u r  a n i o n  b e t w e e n  t h e  m e t a l  c a t i o n  and 
t h e  h y d r o g e n  i o n  o f  t h e  a c i d .  M o re o v e r ,  i n  aq u e o u s  s o l u t i o n ,  
a l l  t h e  6 - c o v a l e n t  m e t a l s  exam ined  fo rm  2 : 1 -  ( d y e : r a e t a l )  
c o m p le x es  ( c o p p e r ,  t h e  o n l y  4 - c o v a l e n t  m e t a l  ex am in e d ,  a p p e a r s  
t o  f o rm  1 : 1 - c o m p le x e s  i n  w a t e r ) ,  h u t  i n  o r g a n i c  s o l v e n t s ,  e . g . ,  
e t h a n o l ,  i n  w h i c h ,  o f  c o u r s e ,  t h e  d e g r e e  o f  i o n i s a t i o n  w i l l  h e  
l e s s  t h a n  i n  w a t e r ,  t h e  r e a c t i o n  a p p e a r s  t o  h e  r e t a r d e d ,  so  
t h a t  m a i n l y  1 :1  com plexes  a r e  fo rm ed .
Each  c o l o u r i n g  m a t t e r  m o l e c u l e  must  t h e r e f o r e  fo rm  a  
e h e l a t e  r i n g  w i t h  a  m e t a l  a to m  t h u s : -
From t h e  w a t e r - s o l u b l e  h a e m a t e i n  l a k e s ,  i t  a p p e a r s  t h a t  t h e  
r a t i o s  t e n d  t o w a r d s  2 : 1  ( d y e : m e t a l )  i n  e v e r y  c a s e .  The 
c h ro m a te  o r  d i e h r o rn a t e  i o n  must  f i r s t  h e  r e d u c e d  to  t h e  c h ro m ic
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s a l t  s t a . t e ,  and t h i s  means t h a t  some c o l o u r i n g  m a t t e r  must  he 
o x i d i s e d  and d e s t r o y e d  b e f o r e  t h e  r e m a i n d e r  c a n  e n t e r  i n t o  
com plex  f o r m a t i o n .
The l a k e s  once p r e p a r e d  i n  s u b s t a n c e  and d r i e d ,  have  
become v i r t u a l l y  i n s o l u b l e  i n  a l l  s o l v e n t s ,  e x c e p t  by  d e s t r u c t i o n  
i n  c o n c e n t r a t e d  m i n e r a l  a c i d s  and a l k a l i e s .  T h e i r  i n s o l u b i l i s a ­
t i o n  i s  a t t r i b u t e d  t o  t h e  o p e r a t i o n  o f  one o r  more o f  t h e s e  
p r o c e s s e s :
( a )  t h e  f o r m a t i o n  o f  n e u t r a l ,  u n i o n i s e d  c o m p l e x e s ,
( b )  t h e  f o r m a t i o n  o f  com plex  s a l t s  b e t w e e n  c a t i o n i c  l a k e s  and  
a n i o n s  o f  c o l o u r i n g  m a t t e r ,
( c )  Mo l a t i o n ,f, w h ich  t a k e s  p l a c e  i n  a g u e o u s  c h r o m ic  s a l t  
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I f  t h i s  o c c u r s  when t h e  l a k e  s o l u t i o n s  a r e  c o n c e n t r a t e d  and 
e v a p o r a t e d  t o  d r y n e s s  i t  c o u l d  a c c o u n t  f o r  t h e  i n s o l u b i l i t y  o f  
t h e  f i n a l  p r o d u c t s  o f  r e a c t i o n  o f  t h e  c o l o u r i n g  m a t t e r s  w i t h  
c h r o m a t e ,  d i c h r o m a t e ,  and  i r o n  s a l t s .
Copper l a k e s  a r e  p r o b a b l y  1 : 1 -c o m p le x e s  o f  4 - c o v a l e n t  
c o p p e r  i n  w h ich  some o f  t h e  f r e e  p h e n o l i c  g r o u p s  a r e  a d d i t i o n a l l y  
s u b s t i t u t e d  b y  t h e  m e t a l  and t h e y  may c o n t a i n  some c u p r o u s  i o n  
s t a b i l i s e d  b y  c h e l a t i o n ,  a p o s s i b l e  f o r m u l a  f o r  t h e  h a e m a t e i n  l a k e  
c a n  b e  shown a s :
The c o m p o s i t i o n  o f  i r o n  l a k e s  a p p e a r s  t o  h e  v e r y  s i m i l a r  t o  
t h e  p r o d u c t s  f ro m  p o t a s s i u m - d i c h r o r n a t e , i . e . ,  i t  i s  a n  o l a t e d  
a n i o n i c  com plex  a s s o c i a t e d  w i t h  h y d r a t e d  f e r r i c  c a t i o n s .
H ydrogen  hond r e a c t i o n s .
P a r t  I I  d e a l s  w i t h  h y d r o g e n - b o n d i n g  s t u d i e d  hy 
r e f r a c t i v e  i n d e x  and  d i e l e c t r i c  c o n s t a n t  m e a s u re m e n t s .
I n t r a -  a s  w e l l  a s  i n t e r - m o l e c u l a r  b o n d s  c a n  h e  
d e t e c t e d  h y  t h e s e  m eans ,  a n d  a  q u a l i t a t i v e  e s t i m a t e  o f  t h e i r  
r e l a t i v e  s t a b i l i t y  may h e  made.  A l c o h o l i c  and  p h e n o l i c  h y d r o x y -  
a l d e h y d e ,  a m i n o - ,  a m i d o - ,  a z o - ,  c a r h o n y l i c  and  s u l p h o n i c  a c i d ,  
e s t e r ,  k e t o - ,  n i t r o - ,  and q u in o n e  g r o u p s  a r e  am o n g s t  t h o s e  
e x a m in e d .
The p r o t e c t i v e  i n f l u e n c e  o f  s o l v e n t s  has  b e e n  exam ined  
h y  s t u d y i n g  t h e  r e a c t i o n  o f  d i f f e r e n t  compounds i n  v a r i o u s  
s o l v e n t s .  F o r  i n s t a n c e ,  b e n z e n e  a s  a s o l v e n t  p r e v e n t s  t h e  k e t o  
g r o u p  f ro m  f o r m i n g  b o n d s ,  and  so  do  b o t h  e t h e r  and  w a t e r ,  b u t  
n o t  e i t h e r  c a r b o n  t e t r a c h l o r i d e  o r  d i o x a n .  A number  o f  o t h e r  
e x a m p le s  a r e  r e v e a l e d  i n  T a b le  4A ( P a r t  I I ) .  By t h e  u s e  o f  
t h e  r e f r a c t i v e  i n d e x  m e th o d ,  h y d r o g e n - b o n d i n g  c a n  be  r e a d i l y  
d e t e c t e d  b e t w e e n  w a t e r  ( a s  a s o l u t e )  and v a r i o u s  o t h e r  compounds.  
W a te r  a p p e a r s  t o  a c t  e i t h e r  a s  monomer o r  d i m e r ,  o r  b i f u n c t i o n -  
a l l y  a s  a  c r o s s - l i n k i n g  a g e n t .
H ydrogen  a t t a c h e d  t o  c a r b o n  fo rm s  bon d s  l e s s  r e a d i l y  
t h a n  when a t t a c h e d  t o  n i t r o g e n  o r  o x y g e n ,  and  a n e i g h b o u r i n g  
^ g r o u p  o f  p o w e r f u l  e l e c t r o n - a t t r a c t i n g  n a t u r e  i s  u s u a l l y  r e q u i r e d
to  f a c i l i t a t e  th e  r e a c t io n .
W ate r  a p p e a r s  t o  f o r m  a bond w i t h  h y d ro g e n  o f  an  
e t h y l e n e  l i n k a g e  i n s t y r e n e .  A bond b e tw e e n  a h y d ro g e n  a tom  o f  
t r i c h l c r e t h y l e n e  and  t h e  a z o  g r o u p  i n  1 -  b e n z e n e - a z o - 2 - n a p h t h o l  
i s  a l s o  d e t e c t e d ,  w h ic h  c o u ld  a c c o u n t  f o r  t h e  h i g h  s o l u b i l i t y  o f  
u n s u l p h o n a t e d  azo -com pounds  i n  t h i s  s o l v e n t .
I t  was d e s i r e d ,  i f  p o s s i b l e ,  t o  d e t e c t  t h e  r e a c t i v i t y  
o f  t h e  h y d r o x y -  and e t h e r  g r o u p s  i n  g l u c o s e .  B o th  w a t e r  and 
p h e n o l  w ere  fo und  t o  fo rm  6 : 1 -  c o m p le x e s  w i t h  g l u c o s e  i n  e t h y l e n e  
g l y c o l  a s  a s o l v e n t ,  f ro m  w h ic h  i t  i s  i n f e r r e d  t h a t  p r o t e c t i o n  b y  
t h e  s o l v e n t  i s  i n d e e d  t h e  c a u s e  o f  t h e  n o n - r e a c t i v i t y  o f  t h e  
h y d r o x y -  and  e t h e r  g r o u p s  o f  g l u c o s e  i n  w a t e r  and  no c h e l a t e  
r i n g s  a r e  p r e s e n t ,  s i n c e  i n  t h e  same s o l v e n t  t h e  c h e l a t e  r i n g s  
p e r s i s t  i n  m a n n i t o l .  T h i s  must mean t h a t  t h e  r i n g - f o r m  o f  
g l u c o s e  i s  t h e  fo rm  r e a c t i n g  i n  e t h y l e n e  g l y c o l .
P e n t a - a c e t y l  g l u c o s e ,  l i k e  g l u c o s e ,  a p p e a r s  t o  r e a c t  
i n  t h e  o p e n - c h a i n  a l d e h y d e  fo rm .  I n  t o l u e n e  s o l u t i o n  t h e  a c e t y l  
g r o u p s  a r e  u n r e a c t i v e ,  y e t  t h e y  a r e  r e a c t i v e  when d i o x a n  i s  a 
s o l v e n t  and t h e  a c e t y l  g r o u p  i n  e t h y l  o r  i s o prop .y l  a c e t a t e  c a n  
f o rm  c o m p lex es  i n  b o t h  d i o x a n  and t o l u e n e .  I t  a p p e a r s  t h a t  t h e r e  
a r e  weak c h e l a t e  r i n g s ,  w h ich  a r e  s t a b l e  i n  t o l u e n e  b u t  a r e  
b r o k e n  e v en  by  t h e  w ea k ly  p o l a r  s o l v e n t ,  d i o x a n .  I t  i s  
d e m o n s t r a t a b l e  by  s c a l e  m odels  t h a t  a s e r i e s  o f  7-membered r i n g s  
c a n  be  formed i n  t h i s  compound,  l e a v i n g  one f r e e  h y d ro g e n  a tom  
a t  t h e  e n d - g r o u p ,  t h u s :
-  147 -
(A f u l l e r  d i s c u s s i o n  on h y d r o g e n - b o n d i n g  i s  g i v e n  i n  
P a r t  I I  o f  t h i s  t h e s i s ) .
The know led g e  t h u s  g a i n e d  o f  h y d r o g e n - b o n d i n g  r e a c t i o n s  
l e d  t h e  a u t h o r  t o  i n v e s t i g a t e  t h e  mechanism o f  b o n d i n g  b e t w e e n  
f i b r e s  and d y e s .  F i r s t l y ,  h a e m a t o x y l i n  ( a  t e t r a h y d r i c  p h e n o l )  
was c h o s e n  and i t s  s o r p t i o n  exam ined  on c e l l u l o s e  a c e t a t e ,  n y l o n ,  
w ool  and  v i s c o s e .  The a p p a r e n t  h e a t  o f  s o r p t i o n  on c e l l u l o s e  
a c e t a t e  v a r i e s  w i t h i n  t h e  r a n g e  o f  - 4 . 5  -  8 K c a l / m o l .  a c c o r d i n g  
t o  t h e  amount  b o u n d .  By r e f r a c t i v e  i n d e x  and d i e l e c t r i c  c o n s t a n t  
m e a s u r e m e n t s ,  t h e  p o s s i b i l i t y  o f  t h i s  compound f o r m i n g  f o u r  
h y d r o g e n  b o n d s  a r i s e s .  The a p p a r e n t  h e a t  o f  s o r p t i o n  o f  p h e n o l  
on c e l l u l o s e  a c e t a t e  i s  - 2 . 5  K e a l / m o l .  I t  i s  t h u s  j u s t  p o s s i b l e  
t h a t  f o u r  b o n d s  a r e  fo rm ed  when h a e m a t o x y l i n  i s  s o r b e d .  The 
a p p a r e n t  h e a t  o f  s o r p t i o n  o f  p h e n o l  f ro m  a q u e o u s  s o l u t i o n s  b y  
n y l o n  i s  a b o u t  - 3  + 0 . 5  K ca l  p e r  mol .  ( C h i p a l k a t t i , p r i v a t e  
c o m m u n i c a t i o n ) , so  t h a t  i f  a n y l o n  m o l e c u l e  b e h a v e s  l i k e  t h e  
am id e  g r o u p  i n  d i m e t h y l - f o r m a m i d e  w h ich  c a n  u n i t e  a s  a 4 : 1  com plex  
w i t h  h a e m a t o x y l i n ,  one s h o u ld  e x p e c t  a v a l u e  f o r  h a e m a t o x y l i n  l y i n g  
b e t w e e n  -1 0  and  - 1 4  K c a l .  p e r  mol.  A c t u a l l y  t h e  i s o t h e r m s  
( F i g .  IB ,  P a r t  I I I )  g i v e  a  v a l u e  o f  Ca -1 3  + 1 K c a l .  The 
c o r r e s p o n d i n g  v a l u e  f o r  w oo l  i s  -13  K c a l  p e r  mol.
S o r p t i o n  on a l u m i n i u m . -  B e n z e n e - a z o - ^ - n a p h t h y l a m i n e  and 
b e n z e n e - a z o - £ ' - n a p h t h y l a r a i n e  show v e r y  l i t t l e  s o r p t i o n  on a n o d i s e d  
a lu m in iu m  i n  b e n z e n e  a s  a s o l v e n t ,  b u t  on u s i n g  c a r b o n  t e t r a ­
c h l o r i d e  a f a i r  amount o f  s o r p t i o n  o c c u r s .  T h i s  f a c t  a g r e e s  
w e l l  w i t h  t h e  f a c t s  d i s c o v e r e d  r e g a r d i n g  t h e  r e l a t i v e  p r o t e c t i v e  
e f f e c t s  i n  h y d ro g e n  b o n d i n g ,  o f  t h e s e  s o l v e n t s .  U n f o r t u n a t e l y ,
-  148 -
no  t im e  was a v a i l a b l e  t o  p u r s u e  t h e  s u b j e c t  o f  h y d ro g e n  
"bonding on t h i s  s u b s t r a t e ,  a n d  i t s  r e l a t i o n  t o  t h e  o t h e r  
r e s u l t s  o f  t h i s  work .
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i&dbx t o  R^FHAOTm in d ex  i'ables.
No. (a) (£ )
1 n - A c e t y l - D - g l u c  osam ine D i e t h y l a m i n e2 — — T r i e t h y l a m i n e3 P h e n o l
4 D im e thy Ifo rm am id  e5 A n i l i n e6 Q u in o l7 A zobenzene  4 - s u l p h o n i c -
a c i d8 A n i l i n e  2 -  n a p h t h o l - 3 : i  
- d i s u l p h o n i c  a c i d
9 B e n z a ld e h y d e P h e n o l10 E t h a n o l11 D i e t h y l a m i n eIS A c e t a l d e h y d e P h e n o l13 E t h a n o l14 D i e t h y l a m i n e15 P h e n o l A c e t i c  a c i d16 B e n z o ic  a c i d17 G l y c i n e S u l p h a n i l i c  a c i d  B- 
N a p h th o l~18 P h e n o l B en z o q u in o n e19 E t h a n o l20 W ater A n i l i n e21 D i - i s o h u t y l  k e t o n e22 E t h a n o l
23 N a p h t h a l e n e  1 - s u l p h o n i c  a c i d P h e n o l
24 A c e to n e M e th a n o l
25 D i - i a p b u t y l -  k e t o n e P h e n o l
26 i a o  P r o p y l  A c e t a t e B en z o q u in o n e
27 P h e n o l
28 S t y r e n e W ater
29 P h e n o l W ate r
30 A zo h en zen e31 £ -  N a p h t h o l -  3 : 6 -  d i s u l p h o n i c -
- a c i d P h e n o l
32 i s o  P r o p y l  A c e t a t e 3 - M e th o x y b e n z a n th r o n e
33 2 : 3 2 4 :6 '  T e t r a m e t h y l  G lu e o p y r a n o s e Water
34 i s o  P r o p y l  A c e t a t e A zobenzene36 o -  N i t r o p h e n o l  (D)
36 W ate r
37 A n i s o l e
38 B e n z a ld e h y d e D i - i s o b u t y l - k e t  one
39 P h e n o l 2 : 3 -  B e n z - 9 - a n t h r o n e
40 D im e th y l fo rm a m id e  ( SOc)
41 A n i s o l e B e nzoqu inone
42 W ate r Dioxan
43 B e n z e n e -a  z  o -B - N a p h th o l T r i c h l o r e t h y l e n e
44 Urea W ater
45 C e t y l  a l c o h o l W ate r
46 Azobenzene E t h y l  A c e t a t e  ( 2 0 ° )























































jHtf i  tropheno 1
Trie thylamine




N-n-Dime t h y l a c e  t  amide 
M e t h a n o l










M e t h a n o l  
D -  C e l l o b i o s e
D -  G lu c o s e
< W
E t h y l e n e  g l y c o l  D i b e n z o a t e  
n-Ace t y l - D - g l u c o  s a m in e  (W)
( m
T r i e  t h y l a m i n e  
D i e t h y l a m i n e  
n-AC e tyl-D - gl uc o s amine 
Mannitol
D - G lu c o s e  
E t h a n o l
2s 3- Benz-9-anthrone 




M e t h a n o l
B ry th rito l
Mannitol (W)
Azobenzene
E ry th r ito l  (Eg)
Benzoquinone
D - G lu c o s e
Acetone

























c o n t in u e d  / * • • four




























P h e n o l
E t h y l  a c e t a t e
E t h y l e n e  g l y c o l
D im e  t t o y l f  o r  ja a ia id e
R e s o r c i n o l
p ~  R i t r o p h e n o l
p -  N i t r o p h e n o l
R e s o r c i n o l
B e n z o q u in o n e
B e n z y }  a l c o h o l  
p h e n o l
R e s o r c i n o l
P h e n o l
D i - i s o  b u t y l  K e t o n e
q u i n o l
A Z o b e n z e n e - i f - H u l p n o n i c  a c i d
Aniline
P h e n o l
T r i e t h y l a m i n e  -  & -  G lu c o s e  
Azobenzene (17 w
o - H i  t r o p h e n o l
B u l p h a n i l i c  a c i d  B - N a p h t h o l  
H a e m a t o x y l i n  ~  
D i e t h y l a m i n e
D i e t h y l a m i n e
q u i n o l





T r i e  t h y l a m i n e
D i -  i s o b u t y l -  k e t o n e
Q u i n o l
p h e n o l
i s o -  B u t y l  a l c o h o l  
n -  jsuayl a l c o h o l  
T r i e t n y l a m i n e
i f -  c i i l o r o p n e n o x y a c e t i c  a c i d  
^ - ( i f  -  c h l o r o p n e n o x y ; - p r o p i o n i c  
~  a c i d .
^ - . ( i *  «  c n l o r o p n e n o x y ^ b u t y r i c  a c i<  
d - ( i f  -  e h l o r o p h e n o x y )  - b u t y r i c  u c i (  
i - ( 2 *  i f - d i  e h l o r o p h e n o x y )  -
p r o p i o n i c  a c i d
i -  ( 2 *  6 - d i c h l o r  o p i ia n o x y  )  -
p r o p i o n i c  a c i d  
2s  6 — d i e h l o r o p n e n o x y  a c e t i c  a c i d
P r o p i o n i c  a c i d  
S u l p h a n i l i e  a c i d  
Azobenzene
B -  N a p h t h o l
INDEX TO HEFRaCTlVK INDEX TABLES*
(M olar c o n c e n tr a t io n s  only* )
N o .
l a  Phenol {¥)
2a Dime th y lf  ormamihe (W)
3a Dr Glucose (W)
if a Mannitol (W)
5a Glycerol (W)






fig s  Ethelene Glycol
p et Ether « petroleum Ether#
INDEX TO DIELECTHIC GONSIaBI 1aBLEB.
I i !+j 5i &
(*> (S)
p h e n o l
A n i l i n e
p h e n o l
W a t e r
P h e n o l
W a t e r
- D - * G lu c o s e  p e n t a -  
a c e t a t e
B e n z e n e - a z o - B
N a p h t h o l - ’
N i t r o b e n z e n e
A n i s o l e
A n i l i n e  
A c e t i c  a c i d  
B e n z o i c  a c i d  
B e n z o q u in o n e  
E t h a n o l  
A n i l i n e
D i -  i s o b u t y l -  k e t o n e  
A n i l i n e  ^  - N a p h t h y la m i n e  
A n i l i n e  B - N a p h  t h y l a m i n e
E t h a n o l
A n i l i n e
A n i s o l e  
A z o b e n z e n e  
B e n z o q u in o n e  
D i e t h y l a m i n e
Q u i n o l  
W a t e r
N - n - B  u t y l p r o p  i  o n a m i d e  B e n q o  q u in o n e
E t h a n o l  
D i e t h y l a m i n e  
W a t e r  
W a t e r  
k e t o n e  p h e n o l
B e n z o p h e n o n e  
D i -  i s o b u t y l
B e n z e n e - a z o - B - N  a p h t h o l  I r i c h l o r e  t h y l e n e
i s o  P r o p y l  A c e t a t e  B e n z o q u in o n e
T e t r a - a m i n o  
a n  t h r  a  q u in o n e
P h e n o l  
p h e n o l
i s o - p r o p y l  A c e t a t e
